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EXECUTIVE SUMMARY

Caffeine was nominated by Drs. B. Ames, L. Gold, and T. Slone of Lawrence

Berkeley Laboratories (Berkeley, CA) for testing based on its natural occurrence at high

concentrations in food and the lack of carcinogenicity data.

Caffeine occurs naturally in over 60 plant species including tea, cacao, coffee,

and cola.  It is produced commercially by extraction and synthetic procedures.  The

majority of caffeine is used in the beverage industry.  It is also used as a flavor

enhancer in foods and as a flavoring agent in baked goods, frozen dairy desserts,

gelatins, puddings, fillings, and soft candy.  Caffeine is also used therapeutically.

In the United States, it has been detected in air, soil, and water, including

drinking water and industrial effluents.  It may be released into the environment as an

escaped emission during its production and use, or via wastewater effluent, landfill

leachate, or incinerator ash.  It has an atmospheric half-life of ~2.5 hours.

The general population is exposed to caffeine via the ingestion of caffeine-

containing drinks, foods, medicine, or drinking water.  Humans ingest approximately

seven billion kilograms of caffeine yearly, with ~90% consumed in the form of coffee or

tea.  The average daily caffeine intake in the United States is ~200 mg per individual.

Occupationally, ~19,140 workers may have been exposed to caffeine from 1981 to 1983.

Caffeine is regulated by the Food and Drug Administration (FDA).

Data from a number of epidemiologic studies on the long-term health effects of

caffeine concluded that no marked elevations in risk have been found in the majority of

studies for most diseases, including cardiovascular disease, ulcer, breast disease, and

for effects on various target organs.  In many of the studies, confounding factors, such

as tobacco smoking, sex, and age were controlled for.

Absorption of caffeine from the gastrointestinal tract is pH-dependent, rapid, and

virtually complete.  After absorption, it is distributed rapidly into body fluids.  It binds

to plasma proteins, mainly albumins.  Metabolism is by hepatic microsomal enzymes and

does not appear to occur significantly in other organs.  In humans, caffeine is

metabolized into more than 25 metabolites, primarily paraxanthine, theobromine, and

theophylline.

In humans, acute exposure to caffeine can cause gastric symptoms, insomnia,

diuresis, restlessness, headache, and tremors.  At concentrations up to 2 µg/mL (10

nmol/mL) in blood, caffeine stimulates the central nervous system (CNS).  The oral LD50

is 127 mg/kg (0.654 mmol/kg) in mice, 192 mg/kg (0.989 mmol/kg) in rats, 230 mg/kg (1.18

mmol/kg) in hamsters and guinea pigs, and 150 mg/kg (0.772 mmol/kg) in rabbits.

Symptoms of acute exposure in animals include convulsions, excitement, gastroenteritis,

and edema of the liver, heart, lungs, spleen, and adrenal glands.  No data on short-term

and subchronic effects were located and there is limited data on the chronic effects of



IIIILLLLSSSS   Integrated Laboratory Systems ii

caffeine.  In a study reviewed by the International Agency for Research on Cancer

(IARC), rats exposed to caffeine in drinking water for 104 weeks showed decreased

body weight at the highest dose; a slight increase in mortality was observed in males.

Several epidemiologic studies reviewed by IARC found a correlation between

congenital malformations and caffeine consumption; however, other reviews have

concluded that studies on the effect of coffee (caffeine) intake on fertility and premature

births were largely inconclusive.

In animal carcinogenicity studies, no significant increased incidence of bladder

or mammary gland tumors were noted.  Caffeine was shown to stimulate mammary gland

lobulo-alveolar development and secretion.  The development of mammary gland

tumors was either stimulated or suppressed depending upon the animal species and

strain, and the stage of tumorigenesis (initiation/promotion) at which caffeine was

administered.  Rats given caffeine in solution orally for 12 months showed decreased

body weight and an increase in the weight of the pituitary gland caused by hyperplasia

or the presence of a pituitary adenoma.  Caffeine increased the survival time of Ehrlich

ascites-bearing mice given adriamycin for 5 days by 39%.

In co-treatment studies, caffeine had no effect on the incidence of bladder tumors

induced in rats by N-nitroso-N-butyl(4-hydroxybutyl)amine nor did it have an effect on

4-hydroxyaminoquinoline 1-oxide-induced pancreatic tumors in rats.  However, caffeine

did decrease the incidence of urethane-induced lung tumors and diethylstilbestrol-

induced mammary tumors in mice.  Caffeine appears to have a weak, yet significant

potentiating effect on N-methyl-N-nitrosourea (MNU)-initiated rat urothelial tumors.  In

a study of urethane-induced skin tumorigenesis, caffeine significantly increased the

incidence of papillomas when given 6 hours before initiation with urethane, but showed

an inhibitory effect when given 6 hours after urethane initiation.  In another study,

adding caffeine to decaffeinated teas restored their inhibitory effects on UVB-induced

skin carcinogenesis.

Prior to 1991, caffeine had been extensively studied for genotoxicity using a

variety of acellular, bacterial, plant, in vitro mammalian cell, and in vivo test systems.

Most in vitro tests, with the exception of Salmonella typhimurium gene mutation

assays, were conducted in the absence of exogenous metabolic activation only.

Caffeine was positive for differential toxicity in Escherichia coli, but was negative in

the Bacillus subtilis rec assay.  Various strains of S. typhimurium were tested with and

without metabolic activation; all results were negative.  Caffeine induced DNA single-

strand breaks (SSB), double-strand breaks (DSB), and DNA-protein crosslinks in

isolated L1210 cell nuclei and inhibited the formation of DSB induced by the

topoisomerase II inhibitor ellipticine. Caffeine induced large scale deletions in the TK

gene region in mouse L5178Y cells in the absence of S9.  It was negative for fragile-X

induction, but positive for induction of common fragile sites in human blood
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lymphocytes.  When present during DNA synthesis, it induced chromosomal

aberrations and sister chromatid exchanges in cultured mammalian cells.  Caffeine was a

weak mutagen in the Drosophila white-ivory eye spot test.  Caffeine did not induce

chromosomal aberrations in vivo in mammals and the majority of results from

micronucleus tests were negative.  In vivo, caffeine had no significant effect on the

frequency of aneuploidy or structural chromosomal aberrations in mouse oocytes or on

oocyte maturation in female mice given caffeine i.p.  Human population studies are in

conflict on the association between caffeine intake and increased levels of chromosomal

or DNA damage.

Without metabolic activation, caffeine administered prior to treatment markedly

enhanced the ability of N-methyl-N -nitro-N-nitrosoguanidine (MNNG) to induce

mutants in S. typhimurium strain TA1535, but reduced the mutagenicity of MNNG and

N-methyl-N-nitrosourea (MNU) when co-administered or administered after treatment.

In the yeast S. cerevisiae D5, the addition of caffeine with the antitumor agent N-[2-

dimethylamino) ethyl]acridine-4-carboxamide (DCA) caused a significant decrease in the

incidence of all types of mutations in yeast colonies.  Caffeine synergistically enhanced

the frequency of chromosomal aberrations induced by camptothecin in Vicia faba root

tip cells.  In mammalian cells, in vitro and in vivo, caffeine either enhanced or reduced

DNA and chromosomal damage, micronuclei, and mutations induced by other chemical

and physical agents.

Caffeine is cytotoxic in cultured mammalian cells at high concentrations.  Studies

have demonstrated the ability of millimolar concentrations of caffeine to inhibit cell

proliferation in mitogen-stimulated human lymphocytes and to delay the entry of HeLa

S3 cells into S-phase.

The ability of caffeine to modulate the cytotoxicity of genotoxic agents and

specifically, antineoplastic agents, has been evaluated extensively.  Caffeine has been

shown to reduce the cytotoxicity of DNA damaging agents; however, in most studies,

caffeine potentiated genotoxin-induced cell killing.  There are also studies in which

caffeine neither reduced nor potentiated chemical-induced cytotoxicity.

A number of investigations have demonstrated the ability of caffeine to alter cell

cycle arrest in eukaryote cells induced by genotoxic agents.  It is this mechanism that

has been invoked most frequently as the means by which caffeine enhances clastogen-

induced chromosomal damage and cytotoxicity.  The modulation of cell cycle arrest by

caffeine is cell-type and stage specific.

The antioxidant behavior of caffeine was suggested to be a possible mechanism

for the reported anticarcinogenic effects of caffeine.

In an investigation of structure-activity relationship, 7-deazanthine derivatives

compared to caffeine showed the same or more diuretic activity and more cardiac
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activity.  Results indicated that the nitrogen atom at the 7-position of the 7-deazanthine

derivatives plays an important role in caffeine-like pharmacological activities.
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1.0 BASIS FOR NOMINATION

The nomination of caffeine by Drs. B. Ames, L. Gold, and T. Slone of Lawrence Berkeley

Laboratories (Berkeley, CA) is based on its natural occurrence at high concentrations in food and

the possible lack of adequate carcinogenicity test data.

2.0 INTRODUCTION

Caffeine

[58-08-2]

N

N

N

N
O

O

CH3

CH3

CH3

2.1 Chemical Identification

Caffeine (C8H10N4O2; mol. wt. = 194.19) is also called:

3,7-Dihydro-1,3,7-trimethyl-1H-purine-2,6-dione (9CI)

Anhydrous caffeine

Coffeine

Coffeinum

Guaranine

Methyltheobromine

Methyltheophylline

Thein

Theine

1,3,7-Trimethyl-2,6-dioxopurine

1,3,7-Trimethylxanthine

Trade names include:  Caffeedrine, Dexitac, No Doz, Quick Pep, Tirend, and Vivarin

(HSDB, 1997; Budavari, 1996; IARC, 1991).
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2.2 Physical-Chemical Properties

Property Information Reference
Physical State Glistening white needles National Research Council

(1981); Gennaro (1985); cited

by IARC (1991)

Odor Odorless McElvoy (1989); cited by HSDB

(1997)

Taste Slightly bitter McElvoy (1989); cited by HSDB

(1997)

Sublimation Point (
o
C) 178 Budavari (1996)

Melting Point (
o
C) 238 Budavari (1996)

Density (18 
o
C/4

o
C) 1.23 Budavari (1996)

Soluble in: Acetone, benzene, chloroform,

diethyl ether, ethanol, ethyl

acetate pyrrole, tetrahydro-

furan, water

IARC (1991); Budavari (1996)

Slightly soluble in: Petroleum ether Budavari (1996)

2.3  Commercial Availability

Caffeine for commercial use may be purchased from the following U.S. producers:  Pfizer

Inc. (HSDB, 1997); American Bio-Synthetic Corp.; Bell Flavors and Fragrances, Inc.; Certified

Processing Corp.; Cultor Food Sciences, Inc. (SRI, 1997); Alfa Aesar; Allan Chemical Corp.;

American Tartaric Products, Inc.; Ashland Chemical Co.; Barrington Chemical Corp.; BASF Fine

Chemicals; B. I. Chemicals, Inc.; Chart Corp., Inc.; Mijac, Inc.; and SKW Chemicals, Inc.

(Rodnan, 1997).

3.0  PRODUCTION PROCESSES AND ANALYSES

Caffeine is produced commercially by extraction and synthetic procedures.  Extraction

occurs by three methods:  direct decaffeination of green coffee beans with water and solvents

such as trichloroethylene and dichloromethane (McCutheon, 1969; cited by IARC, 1991),

extraction from tea dusts and wastes and fragments of tea leaves (Menthe, 1985; cited by IARC,

1991) using pressurized carbon dioxide (Anon., 1986; cited by IARC, 1991), and extraction from

cola nuts (Halsey and Johnston, 1987; cited by IARC, 1997).

Synthetic production of caffeine involves methylation of xanthines, mainly theobromine,
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(Halsey and Johnston, 1987; cited by IARC, 1991) and theophylline (Stanovnik et al., 1982;

Nesterov et al., 1985; both cited by IARC, 1991) or the reaction of theophylline with carbon

monoxide and methanol (Bott, 1982; cited by IARC, 1991).  Total synthesis is obtained using

dimethyl carbamide and malonic acid (Anon., 1987b; cited by IARC, 1991).

Until the mid 1970s, ultraviolet spectroscopy was the technique employed for the

analysis of caffeine in biological fluids (Axelrod and Reichenthal, 1953; Routh et al., 1969; both

cited by IARC, 1991).  Thin-layer chromatography (Welch et al., 1977; Riechert, 1978;

Bradbrook et al., 1979; all cited by IARC, 1991), gas chromatography (Grab and Reinstein, 1968;

Demas and Statland, 1977; Bradbrook et al., 1979; all cited by IARC, 1991), and gas

chromatography-mass spectrometry (Merriman et al., 1978; cited by IARC, 1991) were

subsequently used as a means for determining levels of caffeine in biological fluids.  Currently,

high performance liquid chromatography (HPLC) is the technique used most frequently for the

analysis of caffeine and its metabolites and for the separation of caffeine from other xanthines and

drugs in biological fluids, as well as in foods and beverages (IARC, 1991).  Other procedures

include chromatography on ion-exchange resins (Walton et al., 1979; cited by IARC, 1991),

radioimmunoassays (Cook et al., 1976; cited by IARC, 1991), and enzyme immunoassay

techniques (Aranda et al., 1987; cited by IARC, 1991).

4.0  PRODUCTION AND IMPORT VOLUMES

Caffeine is included on the U.S. Environmental Protection Agency s (EPA) Office of

Pollution Prevention and Toxics (OPPT) High Production Volume Chemicals list with an

estimated annual production volume of 3,397,842 to 5,615,973 lb (1,550 to 2,550 thousand kg)

(USEPA, 1998).  In 1962, production of caffeine in the United States totaled 1,959,000 lb

(889,400 kg) and imports totaled 1,807,000 lb (820,400 kg) (Huber, 1964; cited by IARC, 1991).

By 1988/89, imports had more than tripled to 6,345,310 lb (2,900 thousand kg) (U.S. Bureau of

the Census, 1989; cited by IARC, 1991).
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5.0 USES

The majority of caffeine (80-90%) is used in the beverage industry (Anon., 1987a, 1988;

cited by IARC, 1991).  It is also used as a flavor enhancer in foods and as a flavoring agent in

baked goods, frozen dairy desserts, gelatins, puddings, fillings, and soft candy (Anon., 1987b;

cited by IARC, 1991).

The remaining 10 to 20 percent of caffeine is used therapeutically.  In combination with

an analgesic such as aspirin or phenacetin, caffeine provides relief of headaches and menstrual

tension (HSDB, 1997; IARC, 1991); in combination with an ergot alkaloid, it remedies migraines

(HSDB, 1997; IARC, 1991); and, in combination with some antihistamines, it helps overcome

their sedative effects (IARC, 1991).  Caffeine has also been used intravenously (i.v.) in the

treatment of prolonged apnea in preterm infants (HSDB, 1997; IARC, 1991), to control asthma,

and to relieve bronchial spasms (Stavric, 1988; cited by IARC, 1991).  Other therapeutic uses of

caffeinated coffee include orthostatic and postprandial hypotension therapy (Pagano et al., 1988;

Ahmad and Watson, 1990; Heseltine et al., 1991; all cited by Etherton and Kochar, 1993).

Studies have been conducted for over a century to evaluate a possible link between intake

of caffeine and enhancement of exercise performance.  Although ingestion of caffeine has been

reported to enhance athletic performance in some studies (Jacobsen and Kulling, 1989;

Tarnopolsky et al., 1988; Williams, 1992; all cited by Lamarine, 1994), a consensus regarding the

benefits of the compound as an ergogenic aid has not been established (Lamarine, 1994).

Research has also been conducted to assess caffeine s ability to help against obesity (Dulloo et

al., 1989; cited by Lamarine, 1994).

6.0 ENVIRONMENTAL OCCURRENCE AND PERSISTENCE

Caffeine occurs naturally in over 60 plant species, including tea, cacao, coffee, and cola

(Hoskins, 1994).  The caffeine content varies according to the plant species and growing

conditions.  For example, the level of caffeine in tea leaves is affected by the season, its genetic

origin, and the use of nitrogen in fertilizers.  The caffeine content in tea can be as high as 5%, but

the average caffeine level in tea sold in the United States is about 3.0% (Graham, 1984a; Gilbert,
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1984; both cited by IARC, 1991).  In cacao plants, the bean is the main storage site for caffeine,

with only trace amounts (concentrations not specified) present in the leaves and pods (Somorin,

1974; cited by IARC 1991).  The dry green beans of arabica and robusta coffees contain caffeine

at levels of 0.9-1.4% and 1.5-2.6%, respectively.  Darkly roasted coffee beans may contain about

20% more caffeine by weight than green beans (Gilbert, 1981, cited by IARC, 1991).  Caffeine

occurs in the Ilex paraguariensis plant from which the South American beverage mat  is

prepared, and in other plants of the holly species.  Caffeine levels in mat  vary from 0.9 to 2.2%.

The age of the leaf determines the caffeine content; young, growing leaves contain higher levels of

caffeine than older leaves (Graham, 1984b; cited by IARC, 1991).

In the United States, caffeine has been detected in air, soil, and water (including drinking

water and industrial effluents).  Caffeine may be released into the environment as an escaped

emission during its production and use, or via wastewater effluent, landfill leachate, or incinerator

ash (HSDB, 1997).  When released into the atmosphere, caffeine will exist absorbed to

particulates; however, it may also undergo a gas-phase reaction with photochemically produced

hydroxyl radicals, with an estimated half-life of 2.5 hours (HSDB, 1997).  Caffeine has been

detected in the air of New York and New Jersey due to emissions from coffee roasting plants

(levels not reported) (Dong et al., 1977; cited by IARC, 1991).  If released into the soil or water,

caffeine will not volatilize into the atmosphere, but will biodegrade under aerobic conditions

(HSDB, 1997).

7.0 HUMAN EXPOSURE

The general population is exposed to caffeine via the ingestion of caffeine-containing

drinks, foods, medicine, or consumer products and also by the ingestion of contaminated drinking

water (HSDB, 1997).  It has been estimated that the human population ingests over seven billion

kilograms of caffeine yearly (D Ambrosio, 1994), with approximately 90% of caffeine consumed

in the form of coffee or tea (Gilbert, 1984; cited by IARC, 1991).  Average daily caffeine intake

in the United States has been estimated at 200 mg per individual on the basis of total U.S.

consumption, although levels as high as 1022 mg/day (Stavric et al., 1988; cited by IARC, 1991)
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have been reported.  A survey by Morgan et al. (1982; cited by IARC, 1991) estimated the mean

daily caffeine intake to be approximately 3 mg/kg body weight for all adults in the general

population.

Occupational exposure to caffeine can occur via inhalation of dust or through dermal

contact during its production or formulation (HSDB, 1997).  A 1981-1983 National Institute for

Occupational Safety and Health (NIOSH) survey estimated that approximately 19,140 workers

may have been occupationally exposed to caffeine.  An earlier NIOSH survey (1972-1974)

estimated that 5,718 workers were exposed to caffeine (HSDB, 1997).  No recent data on

occupational exposure were located.

8.0 REGULATORY STATUS

U.S. government regulations pertaining to caffeine are summarized in Table 1.

Table 1.  Regulations Relevant to Caffeine*

Regulation Summary of Regulation

F

D

A

21 CFR 182.1180

Subpart B

This section pertains to substances generally recognized as safe (GRAS)  for their

intended use (21 CFR 330.1).  Subpart B specifically describes limits and

conditions for the addition of multiple purpose GRAS food substances  to foods.

Caffeine is generally recognized as safe when used in cola-type beverages in

accordance with good manufacturing practice  with a tolerance of 0.02%.

21 CFR 310.545

Subpart E

This section lists over-the-counter (OTC) drugs that contain certain active

ingredients, but based on evidence currently available, there are inadequate data to

establish general recognition of the safety and effectiveness of these ingredients for

their specified uses.  Caffeine appears as an ingredient in weight control drug

products .

21 CFR 340

Subpart A

Sets conditions for an oral OTC stimulant drug to be safe and effective and not

misbranded .  The intended use of a stimulant drug is to restore mental alertness

or wakefulness during fatigue or drowsiness .

21 CFR 340

Subpart B and C

Describes labeling of the stimulant drug product, caffeine.  The label of a stimulant

product containing caffeine should contain these elements:

1)     Statement of identity  - names the drug and identifies the product as an

alertness aid  or a stimulant

2)    Indications   — as a stimulant  or used as provided in 21 CFR 330.1

3)      Warnings  :

a)  limit use of other caffeine containing substances

b)  use occasionally

c)  not for children under 12 years of age

4)    Directions   — adults and children 12 years of age and over: oral dosage is 100-

200 mg not more often than every 3 to 4 hours

*Source:  CPI, 1998.



DRAFT TOXICOLOGICAL SUMMARY FOR CAFFEINE 1/99

IIIILLLLSSSS   Integrated Laboratory Systems 7



DRAFT TOXICOLOGICAL SUMMARY FOR CAFFEINE 1/99

IIIILLLLSSSS   Integrated Laboratory Systems 8

9.0 TOXICOLOGICAL DATA

9.1 General Toxicology

9.1.1  Human Toxicological Data

The details of studies that have not previously been reviewed are presented in Table 2.

Ernster (1984) reviewed available data from a number of epidemiologic studies on the

long-term health effects of caffeine and concluded that no marked elevations in risk have been

found in the majority of studies for most diseases, including cardiovascular disease, ulcer, benign

breast disease, and pregnancy outcome.  For studies that showed elevated relative risks (RR),

dose-response relationships with caffeine were not demonstrated.

Etherton and Kochar (1993) reviewed the literature on coffee (of which the primary

component of physiological concern is caffeine) and its potential effects in humans, including

cardiovascular, gastrointestinal, fertility, and pregnancy.  The authors concluded that when

consumed in moderation (fewer than 4 cups/day), coffee poses no threat to most people and the

potential dangers of caffeine could be diminished by drinking decaffeinated, filter-brewed coffee.

Many of the epidemiologic studies reviewed by Etherton and Kochar were deemed inconclusive.

Additional epidemiological data on cardiovascular disease, breast cancer, pregnancy outcome, and

effects on various target organs are discussed in detail below.

9.1.1.1 Bladder and Renal

There have been several reviews of studies investigating the association between coffee

and caffeine consumption and the risk of bladder cancer.  Many studies not addressed in IARC

(1991) have been reviewed by other authors and are discussed below.

Studies Reviewed by Wallace (1971)

Wallace (1971), in examining the causes, assessment, and treatment of urothelial

neoplasms (bladder tumors), noted that certain locations in Yugoslavia and Sweden have

increased rates of nephropathy (papillary necrosis), which are associated with the abuse of

phenacetin/caffeine powders.  These same patients had increased rates of bladder and upper
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respiratory tract tumors, although a causative agent was not identified.  The details of these

studies were not provided.

Studies Reviewed by Hopkins (1984)

Studies of cancer associated with coffee consumption were reviewed by Hopkins (1984).

The association of cancer of the lower urinary tract with coffee consumption was first made by

Cole (1971, cited by Hopkins, 1984), and soon after by Simon et al. (1975, cited by Hopkins,

1984).  Cole et al. (1971) reported that coffee was responsible for bladder, renal cell, or ureter

cancer in as many as half of all cases in women, and nearly one-fourth of all cases in men

(although the incidence did not appear to be dose-related) and estimated that consumption of 1,

2-3, and 4 cups of coffee per day in women was associated with risks of 1.60, 3.76, and 2.19,

respectively, compared to women who consumed less than one cup of coffee/day.  Simon et al.

(1975) estimated that consumption of more than 1 cup of coffee per day was associated with a

risk of 2.1 (95% Confidence Interval (CI)=1.1-4.3).  The studies all reported increased incidences

of bladder cancer, but failed to present a clear, dose-response relationship.  Studies by Howe et

al. (1980, cited by Hopkins, 1984) and Mettlin and Graham (1979, cited by Hopkins, 1984)

demonstrated the bladder carcinogenicity of coffee in males versus females more clearly.  Howe et

al. (1980) reported that the risk of developing bladder cancer was 1.4 (0.9-2.0) for all types of

coffee, 1.5 (1.0-2.2) for regular coffee, and 1.5 (1.1-2.0) for instant coffee.  A statistically

significant risk of bladder cancer was associated with the consumption of 2 or more cups of

coffee/day in men, and more than 3 cups of coffee/day in women, although in women, there was

no difference in the increased risk of cancer between drinking 3-4 cups and 5 cups of coffee/day.

Mettlin and Graham (1979) found that men who drank more than 3 cups of coffee per day had a

cancer risk of 2.11; however, differences in amounts of coffee consumption and bladder cancer

rates, although dose-dependent, were not statistically significant.  Statistically significant, dose-

dependent associations between increases in coffee consumption and corresponding increases in

bladder cancer rates were reported in men, but not in women (Bross and Tidings, 1973; Wynder

and Goldsmith, 1977; Morrison et al., 1982; all cited by Hopkins, 1984).
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Marrett et al. (1983, cited by Hopkins, 1984) found that relative cancer risk in coffee

drinkers (n=516) compared to non-drinkers was 1.5 (0.5-5.4) in women and 4.0 (1.2-2.08) in

men.  However, these results were not controlled for smoking.  Drinking more than 7 cups of

coffee per day was associated with increased risk of bladder cancer in all groups except the female

65 and older group.  In a larger study of about 3,000 patients, risk from a lifetime intake of

greater than 100 cups of coffee (adjusting for gender, age, race, and area of residence) was 1.8,

which was lowered to 1.4 (1.1-1.8) when smoking was taken into consideration (Hartge et al.,

1983, cited by Hopkins, 1984).  Both values were statistically significant.  Relative risk was not

dependent on the duration of coffee drinking or whether the person was an ex-coffee drinker or

recent coffee drinker.  No increased risks were seen in women with greater than 7 cups/day

consumption.  Only in the highest exposure group in men (63-155 cups/week) was the relative

risk statistically significant at 1.5 (1.1-1.9).

Studies Reviewed by Pozniak (1985)

Fifteen retrospective epidemiology studies associating coffee consumption with both

bladder and renal cell cancer were reviewed by Pozniak (1985).  Investigations of the bladder

cancer rates in men versus women have been contradictory, such that it can not be concluded that

a preponderance of bladder cancer occurs in one sex over the other.  Likewise, somewhat mixed

results have been reported in studies investigating the relationship among lower urinary tract or

renal cell cancer and a variety of factors, including race, smoking, and coffee consumption

(Dunham et al. 1968; Fraumeni et al., 1971; both cited by Pozniak, 1985).  In one study of the

effects of imported coffee in which a positive association was found, the study was not

controlled for tobacco smoking (Sheman, 1973, cited by Pozniak, 1985).  Pozniak concluded that

while there was a strong correlation between national bladder cancer rates and per capita coffee

intake (Weinburg et al. 1983, cited by Pozniak, 1985), most studies either found no correlation

(Armstrong et al., 1976; Najem et al., 1982, Mommsen et al., 1983; all cited by Pozniak, 1985) or

an association which was unrelated to either dose or duration of coffee use (McLaughlin et al.,

1983; cited by Pozniak, 1985).



DRAFT TOXICOLOGICAL SUMMARY FOR CAFFEINE 1/99

IIIILLLLSSSS   Integrated Laboratory Systems 11

Studies Reviewed in IARC (1991)

Caffeine from coffee or tea was associated with a significant (p<0.05) incidence of cancer

of the urinary bladder, when controlled for consumption of beer and soft drinks, age, and smoking

in a Copenhagen, Denmark study (Jensen et al., 1986, cited by IARC, 1991).

Studies Not Previously Reviewed

Urinary bladder cancer mortality varies in different countries, and continues to rise for

both men and women, although it is predominant in men (Paneau et al., 1992; details n.p.,

therefore, not included in Table 2).  The highest rates are reported from Denmark, United

Kingdom, Belgium, and Italy, with the lowest rates in Japan, Singapore, and Venezuela.  In areas

of the United States, Europe, and certain regions of Africa, the incidence is higher in males than in

females.  Although some researchers have found evidence to suggest that consumption of ground

coffee may be associated with urinary bladder cancer (Paneau et al., 1992), there is conflicting

evidence in the literature.

Several studies have found no definitive link between coffee consumption and the

incidence of bladder cancer.  In a study by Goodman et al. (1986), the consumption of caffeinated

beverages such as coffee, soft drinks, and tea was found to be unrelated to the incidence of renal

cell cancer in a hospital-based case-control study investigating 189 men and 78 women with renal

cell carcinoma between 1977 and 1983.  The individuals were patients of 18 hospital centers in

six U.S. cities and were matched with an equal number of controls based on hospital, sex, race,

age, and time of admission.  A population-based case-control study of 173 bladder cancer cases in

New York State (women, aged 20-49) diagnosed between 1975-1980 (confirmed in 93.7% of

cases) matched to controls by sex, age, and residence within a particular area code was conducted

by Piper et al. (1986).  Although coffee drinking had no correlation with bladder cancer incidence,

cases consumed more coffee per day than did controls (3.1 cups/day in cases compared to 2.5

cups/day in controls).
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Slattery (1988a) studied the association between fluid intake and bladder cancer.

Adjusting for cigarette smoking, age, sex, history of diabetes, and history of bladder infection,

caffeinated coffee consumption was associated with increased risk of bladder cancer only when

greater than 40 cups/week were consumed.  Caffeinated tea consumption was associated with a

significant increased risk of bladder cancer if consumption was at least 3 cups/week in non-

smokers.  Tea drinkers who smoked did not experience any increased risk beyond that associated

with smoking.  Slattery (1988b) studied the effect of cigarette smoking on risk factors for the

development of bladder cancer.  Risk factors for bladder cancer associated with coffee drinking

decreased after controlling for cigarette smoking.  Bladder cancer from tea drinking was only

noted in those who never smoked.  The results suggest that cigarette smoking may obscure the

effects of other risk factors.

A case control study of the association between dietary factors and bladder cancer found

no association between caffeine consumption and bladder cancer in 826 histologically verified

cases (diagnosed between 1979 and 1982) (Risch et al., 1988).

The consumption of 7 or more cups of coffee/day was weakly associated with a RR of

1.8 in 187 patients with cancer of the renal pelvis or ureter, which decreased to 1.3 when

controlled for smoking (Ross et al., 1989).  Risk tended to increase with increased consumption,

but this was not statistically significant.

The relationship between dietary factors and lower urinary tract cancers was examined in

195 men and 66 women in Hawaii (Nomura et al., 1991).  There was no association found

between the duration and amount of coffee consumption and the development of lower urinary

tract cancer.  Among women only, there was an inverse relationship between lower urinary tract

cancer and the consumption of regular ground coffee (p=0.02), but not with other types of

coffee.  There were no significant differences in tea intake between cases and controls.

D Avanzo et al (1992) investigated the relationship between regular and decaffeinated

coffee, other methylxanthine-containing beverages, and bladder cancer.  The RR for coffee

drinkers was lowest for those who drank 1 cup or less per day (1.2), and was highest for those

who drank 3 cups per day (1.5).  However, the results do not appear to be dose-dependent, since
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those who drank 4 or more cups per day (1.4) were slightly less likely to develop bladder cancer

than those who drank only 3 cups per day.  With regard to duration, those who drank coffee

regularly for less than 30 years had a slightly lower RR for development of bladder cancer than

those consuming coffee regularly for greater than 30 years.  The RR of bladder cancer for

decaffeinated coffee, tea, and cola drinkers was 1.5 (0.9-2.4), 0.9 (0.6-1.2), and 0.6 (0.3-1.4),

respectively.  The results indicate a higher prevalence of coffee consumption in bladder cancer

cases; however, the prevalence was again not clearly dose-dependent.

A higher incidence of bladder cancer in patients in the South of France compared to the

general population prompted a study of the risk factors in bladder cancer in 219 patients in this

region (Gremy et al., 1993).  Although all forms of coffee studied (regular, decaffeinated, and

instant, milled coffee) were associated with significant risk (>1.71), the RRs were highest (nearly

3 times control values) for regular, milled coffee, and lowest for instant coffee.  The results

indicate that the form of coffee may be more relevant to the risk of bladder cancer than the

caffeine content.

There have been several cases studied regarding the relationship between abuse of

analgesics containing caffeine and the development of renal cancers (Adam et al., 1970; Lomax-

Smith and Seymore, 1980; Fokkens, 1979; Handa and Tewari, 1981; and Piper et al., 1986).

While it is suspected that the breakdown products of phenacetin, an aniline derivative, are

potentially carcinogenic, the possible contributory effect of caffeine and other factors is unknown

(Adam et al., 1970)

9.1.1.2 Breast

Studies Reviewed in IARC (1991)

An association between fibrocystic breast disease and methylxanthine consumption was

first reported by Minton et al. (1979a,b and 1981, cited by IARC, 1991).  They also reported

subsequent improvement in the disease with elimination of methylxanthines from the diet.

Criticisms of the studies focused on the lack of randomization, the lack of disease baselines,

failure to monitor caffeine consumption during the course of the study, and measurement of
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outcome by those having knowledge of the caffeine consumption status of the study

participants. Brooks et al. (1981; cited by IARC, 1991) also found improvement in signs of

fibrocystic disease following restriction of dietary methylxanthines.  No significant differences in

methylxanthine consumption were found between women who experienced changes in mammary

nodules and those who did not (Heyden and Muhlbaier, 1984; Heyden and Fodor, 1986, both

cited by IARC, 1991).  Caffeine, theophylline, and other methylxanthines increased the severity

of fibrocystic disease (Hindi-Alexander et al., 1985, cited by IARC, 1991).  In a randomized

study, a reduction in palpable breast nodes was found in women on methylxanthine-restricted

diets, which was unrelated to breast fluid caffeine levels (Ernster et al., 1982, cited by IARC,

1991).  In other randomized studies, there was no difference in breast nodules in women on

methylxanthine-restricted diets versus control groups (Parazzini et al., 1986; Allen and Froberg,

1987, both cited by IARC, 1991).

The IARC working group concluded that the positive association between benign breast

disease and coffee intake in some epidemiologic studies (Lawson et al., 1981; Boyle et al., 1984;

LaVecchia et al., 1985; all cited by IARC, 1991) could be due to difference in the likelihood of

disease detection between consumers and non-consumers of methylxanthines.  One cohort study

(Odenheimer et al., 1984, cited by IARC, 1991) of twins found significant associations between

self-reported caffeine consumption and biopsy-confirmed or clinically-confirmed benign breast

disease.  Marshall et al. (1982, cited by IARC, 1991) found no association between the

occurrence of fibrocystic disease and coffee consumption, a slight, insignificant reduction in risk

with tea consumption, and no relationship with combined coffee and tea consumption.  Shairer et

al. (1986, cited by IARC, 1991) found no significant differences in the incidence of benign breast

disease for any of 5 different levels of caffeine consumption, nor with any type of fibrocystic

disease.  The only case-control study in which biopsy controls were used (Rohan et al., 1989,

cited by IARC, 1991) found no association.

Four case-control studies of breast cancer in which an attempt was made to study

methylxanthine (e.g., caffeine) consumption and breast cancer showed no association (Lubin et

al., 1985b; Shairer et al., 1987; Iscovich et al., 1989; Pozner et al., 1986; all cited by IARC, 1991).
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In one study, a slight increase in risk for breast cancer was reported for premenopausal women

(Rohan and Michael, 1988; cited by IARC,1991).  Overall results of these studies indicated that

there was inadequate clinical data to associate consumption of caffeine or other methylxanthines

(theophylline and theobromine) found in coffee, tea, cocoa, and chocolate with breast cancer.

Other Reviews

Several other reviews have been compiled on the association between caffeine

consumption and the risk of breast cancer.  None of the reviews found a significant association in

the available literature between caffeine consumption and breast cancer (Lubin and Ron, 1990;

Mesko et al., 1990; Menke et al., 1995).

Studies Not Previously Reviewed

A case-control study of 2,651 newly-diagnosed female breast cancer patients in the

United States found a risk of 1.0 (95% C.I.=0.9-1.6) for up to 7 cups coffee/day, and 1.2 (95%

C.I.=0.7-1.6) for at least 5 cups coffee/day (Rosenberg et al., 1985).  Coffee consumption was

not associated with an increased risk of breast cancer among women with a history of benign

fibrocystic breast disease, nor were was consumption of tea or decaffeinated coffee associated

with increased risk of breast cancer.  The results suggest that coffee consumption is not

associated with risk of breast cancer.

A case-control study of 1,617 women in New York state diagnosed with breast cancer

found no association between consumption of coffee, tea, or colas and cancer risk (McLaughlin et

al., 1992).

In a cohort study of 34,388 postmenopausal women from Iowa, no association was found

between the occurrence of breast cancer and caffeine intake; adjustments were made for age and

multiple breast cancer risk factors (Folsom et al., 1993).  The women were monitored from 1986

through 1990, and caffeine intake was assessed by a food frequency questionnaire.

A case-control study of 755 female breast cancer patients under the age of 36 by the

United Kingdom National Case-Control Study Group found no association between caffeine
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consumption (>100 mg/day; 0.5 mmol/day) and risk of breast cancer, when controlled for

smoking and other risk factors of breast cancer (Smith et al., 1994).  Risks of breast cancer were

reduced (non-significantly) at each level of caffeine consumption over baseline (0-100 mg daily).

9.1.1.3 Cardiovascular System

Studies reviewed by Etherton and Kochar (1993) suggest that coffee consumption is not a

risk factor for cardiovascular disease when less than six cups per day are consumed.  Ernster s

(1993) review of epidemiologic data on the cardiovascular effects found that there is also little

evidence relating caffeine consumption to myocardial infarction or fatal coronary heart disease

(CHD).  Coffee consumption has been shown to increase blood pressure; however, once an

individual develops a tolerance to a particular level of consumption, blood pressure returns to

normal (Etherton and Kochar, 1993).  Studies that have reported an association between caffeine

consumption and cardiovascular effects were found to be flawed and/or did not account for

confounding factors, such as cigarette smoking (Etherton and Kochar, 1993).

A study by Grossarth-Maticek and Eysenck (1991) supports the theory that CNS drugs

such as caffeine may play a role in tumor suppression by acting on neurotransmitters and second

messengers that, when stimulated, trigger the repair of damaged DNA responsible for

carcinogenesis.  This study also suggests that personality and stress serve as mediating factors in

the action of stimulant and depressant drugs and cancer.  However, their results contradict other

studies by suggesting an increased risk of coronary heart disease from consumption of stimulant

drugs like caffeine.  In 1973, data on cigarette smoking, alcohol consumption, and cola

consumption were collected from 3,684 men and 3,018 women.  Interviewers also collected data

on personality and stress by questionnaire.  Of the 6,702 subjects, 203 men and 191 women

reported consumption of 2 to 3 liters of cola daily for 10 years or more.  The groups were

observed for 13 years and findings indicated a significant difference in mortality rates from cancer

between cola drinkers (5.3%) and non-cola drinkers (1%).

A cohort study that followed 8,006 healthy and non-healthy Japanese men for 12 years

found that coffee consumption was not associated with health or disease.  Both healthy and non-
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healthy men reported consuming an average of 3 cups of coffee per day (Reed and Benfante,

1985).

9.1.1.4 Colon

Colorectal adenomatous polyps are a precursor lesion for colorectal cancer (Lee et al.,

1993; Neugut et al., 1993).  A review of the literature by Neugut et al. (1993) found no

association between coffee and the development of colorectal adenomas.  Giovannucci (1998)

conducted a literature review for data related to coffee consumption and the risk of colorectal

cancer.  The results of 12 case-control studies indicated a reverse association between coffee

consumption and the risk of colorectal cancer for groups in the high consumption category.

Many of the studies were deemed inconclusive because of inconsistencies such as the lack of

control for covariates such as tobacco smoking.

Slattery et al. (1990) conducted a population-based case-control study using white males

and females aged 40 to 79 identified through the Utah Cancer Registry.  Little or no increase in

risk of colon cancer from caffeine consumption was observed in women.  Males who consumed

higher levels of caffeine 2-3 years prior to the study were at higher risk than males who

consumed low levels of caffeine (Slattery et al., 1990).

In a case-control study of the possible association of colorectal adenomatous polyps and

caffeine consumption, 271 cases of patients with pathologically confirmed polyps and 457

controls were collected from three New York City colonoscopy practices.  No significant

associations were observed for caffeine or coffee consumption in males or in females after

adjustment for cigarette smoking (Lee et al., 1993).

A study by Favero et al. (1998) investigated the modifying effect of coffee intake on

colon cancer in a population from six areas of Italy.  Coffee (not specifically caffeine) intake was

inversely associated with cancer risk and exerted a modification effect for individuals who drank

fewer than two cups per day.  Frequent eating increased the excretion of bile acids which are

suspected colon carcinogens.  Frequent coffee intake decreased the excretion of bile acids, thereby

counterbalancing the effect of frequent eating.
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9.1.1.5 Gastrointestinal Tract

In studies reviewed by Ernster (1984), no correlation was demonstrated between the

ingestion of coffee and gastric and duodenal ulcers in men or women.  Studies that examined the

consumption of decaffeinated coffee showed increases in peptic ulcers, suggesting that coffee

components other than caffeine may be involved in their development.  In a review by Etherton

and Kochar (1993) of data on the gastrointestinal effects of caffeine, no associations between

ingestion of regular or decaffeinated coffee and the incidence of duodenal ulcers or ulcerative

colitis were found.

A 1987-1989 Spanish case-control study investigated gastric cancer in 235 men and 119

women with histologically confirmed adenocarcinomas; no association between the consumption

of coffee or tea and the incidence of cancer was observed (Agudo et al., 1992).

N-nitroso compounds derived from caffeine and their causal relationship to oesophageal

and gastric cancers in Kashmir, India were investigated by Kumar et al. (1992).  Salted tea is

prepared in Kashmir by adding sodium bicarbonate and shows high methylating activity upon in

vitro nitrosation.  When treated under the same conditions, caffeine forms caffeidine and

caffeidine acid which also show high methylating activity upon nitrosation.  The structure and

activity of the N-nitroso compounds formed may be linked to the high occurrence of oesophageal

and gastric cancers among the population of Kashmir.

9.1.1.6 Lymphatic System

A case-control study of non-Hodgkin s lymphoma patients in northern Italy indicated

that there is inadequate information with which to establish a link between regular or

decaffeinated coffee consumption and development of the disease (Tavani et al., 1994).  A total

of 429 patients with confirmed non-Hodgkin s lymphoma and 1,157 controls with non-

neoplastic, non-immunological, non-digestive tract diseases were interviewed regarding

consumption of coffee, tea, and cola-containing beverages.  Other factors, such as smoking,

alcohol, diet, and family history were also considered.
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9.1.1.7 Pancreas

A review of the literature concerning the causes, diagnosis, and treatment of pancreatic

cancer indicated that the link between coffee/caffeine consumption and pancreatic cancer in

humans is either nonexistent or weak (Gordis and Gold, 1984, cited by Poston and Williamson,

1990).

Drinking up to 5 or more cups of coffee per day was not associated with pancreatic

cancer in a study of 99 Swedish patients with pancreatic cancer (Norell et al., 1986).

A study of the relationship between consumption of decaffeinated coffee and incidence of

pancreatic cancer was conducted in 127 men and 111 women with pancreatic cancer in the United

States (Wynder et al, 1986).  Decaffeinated coffee use was not associated with an increased risk

of pancreatic cancer in men.  An elevated risk of pancreatic cancer was associated with

consumption of 1-2 cups/day in women, although the results were borderline significant. Coffee

was related to an increased risk (RR=1.72; 95% CI=0.95-3.11) of pancreatic cancer in 150 Italian

women with who drank 2 or more cups of coffee per day.  The RR decreased to 1.44 (0.74-2.80)

for those who drank 3-4 cup/day, and to 1.06 (0.41-2.70) for those who drank 5 or more

cups/day (LaVecchia et al., 1987).  When data from these patients were grouped with data from

other case-control studies (n=1,464), the RR was decreased for moderate coffee drinkers (1.22)

and increased for heavy coffee drinkers (1.44).  It was suspected that the results of these studies

are potentially confounded, at least in part, by tobacco smoking.

Coffee was associated with increased risk of pancreatic cancer in 63 French women and

98 men who drank 2 or more cups of coffee per day (Clavel et al., 1989).  The increased risk seen

may be due to the overrepresentation of noncoffee drinkers in patients used in the study.

9.1.1.8 Reproductive Organs

A study of the relationship between coffee drinking and the occurrence of ovarian cancer

was investigated in 290 U.S. women with ovarian cancer (Miller et al., 1987).  An increased risk

(RR=1.6; 95% CI=0.8-3.1) was associated only with drinking 4-5 cups of coffee per day.
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A study of 188 women with ovarian cancer in the San Francisco Bay area found that

regular consumers of coffee for more than 40 years were 3.4 times more likely to develop ovarian

cancer than controls (Whittenmore et al., 1988).  However, there was no clear dose-dependent

trend in the data.

Sturgeon et al. (1991) investigated the relationship between coffee consumption and

vulvar cancer in 201 U.S. women with vulvar cancer.  There was elevated risk for consumption of

1 cup of coffee/day, 2 cups/day, and for more than 4 cups/day, but not for 3 cups/day.  There

was no association of vulvar cancer with tea or decaffeinated coffee.  Risk of vulvar cancer

increased irregularly with coffee consumption.

A population-based study conducted in 362 white Utah men diagnosed with prostate

cancer between 1983 and 1986 to determine the association between consumption of coffee tea,

caffeine, and other factors and prostate cancer risk found no association (Slattery and West,

1993).

9.1.1.9 Skin

Forty-six basal cell carcinoma cases were compared with 46 age, sex, and skin type-

matched control patients (Sahl et al., 1995).  Sun exposure, alcohol, diet, and smoking did not

appear to be significant factors; however, caffeine consumption was higher in the cancer group.
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Table 2.  Human Epidemiological Data
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

9.1.1.1 Bladder and Renal
Case-control Consumption of caffeinated

beverages such as coffee, soft

drinks, and tea

189 U.S. men

and 78 U.S.

women with

renal cell

carcinoma

between 1977

and 1983

Controlled for tobacco

smoking.

The consumption of caffeinated beverages

such as coffee, soft drinks, and tea was

found to be unrelated to the incidence of

renal cell cancer.

Goodman et al.

(1986)

Population-

based, case-

control

Coffee drinking and heavy

phenacetin usage

173 women

with bladder

cancer in New

York State

Controlled for sex,

age, and residence

within an area code.

Heavy phenacetin usage was strongly

associated with bladder cancer.  Cases of

bladder cancer were more likely to be

coffee drinkers (3.1 cups/d in cases versus

2.5 cups/d in controls).  Bladder cancer

rates followed a dose-response curve for

coffee consumption.

Piper et al.

(1986)

Population-

based, case-

control

Caffeinated Coffee:

0 cups (control), 1-20 cups, 21-40

cups, 40+ cups/wk

Caffeinated Tea:

0 cups (control), 1-3 cups, 4+

cups/wk

424 bladder

cancer patients

(male and

female) from

Utah

Controlled for tobacco

smoking, age, sex,

history of diabetes,

and history of bladder

infection.

Consumption of greater than 40 cups/wk

was associated with increased risk of

bladder cancer.  Consumption of one or

more cups of caffeinated tea nearly

doubled the odds ratio compared to

controls for those having never smoked.

For those having smoked, the odds were

tripled for those consuming one or more

cups of caffeinated tea versus controls.

Slattery et al.

(1988a)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

Population-

based, case-

control

Consumption of 30+ cups

coffee/wk or 3+ cups of tea/wk

332 white male

bladder cancer

patients from

Utah

Controlled for nature,

duration, and amount

of tobacco smoking or

use, age, sex, and

alcohol use.

Men who consumed 30+ cups of coffee per

week had 2.5-fold increased risk of

developing bladder cancer versus controls.

When controlled for smoking, those who

never smoked had roughly the same odds

for the development of bladder tumors

(~1.5).  Odds ratios were decreased further

(to less than 1.3) in the smoking group

with those who started smoking at the

youngest age at greatest risk.  Odds ratios

were nearly identical to controls for those

who had stopped smoking.

Slattery et al.

(1988b)

Case-control Consumption of coffee

(caffeinated and decaffeinated),

tea, cocoa, soda, and artificial

sweetener, amounts n.p.

826 verified

cases of bladder

cancer (males

and females)

Controlled for source

of caffeine, types of

coffee, duration,

frequency and amount

of coffee usage, effects

of tobacco smoking,

and use of artificial

sweeteners.

No association was found between caffeine

consumption and bladder cancer.

Risch et al.

(1988)

Case-control Consumption of up to 7+ cups

of coffee/d

187 patients

with cancer of

the renal pelvis

or ureter

Controlled for tobacco

smoking.

The consumption of 7+ cups of coffee/day

was weakly associated with a RR of 1.8,

which was reduced to 1.3 when controlled

for smoking.  Risk tended to increase with

increased consumption, but was not

statistically significant.

Ross et al.

(1989)

Case-control Consumption of coffee (regular

ground, instant, decaffeinated

instant, and all types combined)

195 male and 66

female Japanese

or Caucasian

Controlled for ethnic

group, sex, age, and

tobacco smoking.

No association was found between the

duration and amount of coffee consumption

and the development of lower urinary tract

Nomura et al.

(1991)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

(1-49, 50-109, and 109+ cup-

years), and tea (black tea and all

types combined) (1-10, and 11+

cup-years).

patients with

cancer of the

lower urinary

tract

cancer.  Among women only, there was an

inverse relationship between lower urinary

tract cancer and the consumption of regular

ground coffee (p=0.02), but not with other

types of coffee.

Case-control Consumption of regular and

decaffeinated coffee, other

methylxanthine-containing

beverages, amounts n.p.

303 male and 61

female Italian

bladder cancer

patients

Controlled for age,

sex, tobacco smoking,

educational level,

alcohol consumption,

and occupation.

The relative risk for coffee drinkers was

lowest for those who drank 1 cup or less

per day (1.2), and was highest for those

who drank 3 cups per day (1.5).  The

results were not dose-dependent, since those

who drank 4 or more cups per day (1.4)

were slightly less likely than those who

drank only 3 cups per day to develop

bladder cancer.  Those who drank coffee

regularly for less than 30 years had a

slightly lower risk for developing bladder

cancer versus those consuming coffee

regularly for greater than 30 years.  Results

indicate a higher prevalence of coffee

consumption in bladder cancer cases;

however, the prevalence was not clearly

dose-dependent.

D Avanzo et al.

(1992)

Case-control Coffee, amounts n.p. 219 subjects

with bladder

cancer from

South of France,

sex n.p.

Controlled for tobacco

smoking, age, and

alcohol consumption.

Although all forms of coffee studied

(regular, decaffeinated, and instant, milled

coffee) were associated with significant risk

(>1.71), the relative risks were highest

(nearly 3 times control values) for regular

coffee, and lowest for instant coffee.  The

results indicate that the form of coffee may

be more relevant to the risk of bladder

cancer than the caffeine content.

Gremy et al.

(1993)

9.1.1.2 Breast
Case-control Consumption of up to 7 cups of

coffee/d

2,651 newly-

diagnosed

female U.S.

breast cancer

Controlled for age,

county of residence,

race, menstrual status,

age at first live birth,

No association between coffee consumption

and risk of breast cancer was found.

Rosenburg et al.

(1985)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

patients diagnosis of benign

breast disease, family

history of breast

cancer, and alcohol

consumption.

Case-control Consumption of coffee, tea,

colas, chocolate drinks, and

chocolate candies, amounts n.p.

1,617 women in

New York state

diagnosed with

breast cancer

Controlled for age,

race, religion, age at

menarche, age at first

live pregnancy, parity,

type of menopause, age

at menopause, history

of fibrocystic breast

disease, family history

of breast cancer (in the

mother or sister(s)),

body mass index, and

tea and alcohol

consumption.

No association between consumption of

coffee, tea, or colas and breast cancer risk

was found.

McLaughlin et

al. (1991).

Cohort study median caffeine intake of 212

mg/d

580 post-

menopausal

women with

breast cancer

from Iowa

Controlled for age

waist/hip ratio, number

of live births, age at

first live birth, age at

menarche, family

history of breast

cancer, family history

x waist/hip ratio, and

There was no association between breast

cancer occurrence and intake of caffeine,

coffee, or other caffeine-containing foods,

either when controlled for age or for

multiple risk factors of breast cancer.

Folsom et al.

(1993)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

family history x

number of live births.

No adjustment for

tobacco smoking.

Case control >100 mg caffeine/d at ages 16

and 25

755 English

women with

breast cancer

Controlled for age at

menarche, nulliparity,

age at first full-term

pregnancy,

breastfeeding (ever/

never), family history

of breast cancer, total

oral contraceptive use,

biopsy for benign

breast disease, total

alcohol consumption at

age 18, and tobacco

smoking.

There was no evidence of a significant

association between caffeine consumption

and breast cancer risk.  Risks of breast

cancer were reduced (non-significantly) at

each level of caffeine consumption over

baseline (0-100 mg daily).

Smith et al.

(1994)

9.1.1.3 Cardiovascular
Cohort study Group 1:  1-2 liters of cola/d

Group 2:  2-3 liters of cola/d

3,684 men,

3,018 women

Controlled for tobacco

smoking, alcohol

consumption,

personality, and stress.

There was a significant difference in

mortality rates from cancer between cola

drinkers (5.3%) and non-cola drinkers (1%).

Grossarth-

Maticek and

Eysenck (1991)

Cohort study Healthy:  3.4 cups of coffee/d

Unhealthy:  3.3 cups/d

8,006 Japanese

men

Controlled for alcohol

consumption, tobacco

smoking, age,

physiological factors,

physical activity, and

blood pressure.

Coffee consumption was not associated

with health or disease.

Reed and

Benfante (1985)

9.1.1.4 Colon
Population-

based case-

control

caffeine, 0 to >260 mg/d 0-36 mg/d :  32

M and 64 F

cases, 80 M and

Controlled for diet,

age, tobacco smoking,

alcohol consumption.

Little or no increase in colon cancer from

caffeine in women, males consuming higher

caffeine levels had a higher risk than those

Slattery et al.

(1990)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

114 F controls

37-260 mg/d  :

37 M and 38 F,

cases, 55 M and

56 F controls

>     260 mg/d :  43

M and 17 F

cases, 50 M and

36 F controls

consuming lower levels.

Case-control caffeine, amount n.p. 271 cases of

patients with

confirmed

adenomatous

polyps (AP):

153 M AP

cases, 118 F AP

cases, 202 M

controls, 255 F

controls

Controlled for age and

tobacco smoking.

Possible (not significant) association for

caffeine consumption in males or females.

Lee et al. (1993)

Case-control coffee:  <2 to ≥3 cups/d from

1992-1996 (caffeine content n.p.)

688 M and 537

F with colon

cancer; Controls:

2,073 M and

2,081 F with no

history of cancer

Controlled for

education, physical

activity, intake of

vegetables.

Coffee intake was inversely associated with

cancer; odds ratio (OR) = 1.89 for those

who drank <2 cups/d.  High coffee intake

decreased bile acid excretion.

Favero et al.

(1998)

9.1.1.5 Gastrointestinal Tract
Case-control coffee, amount n.p.

tea, amount n.p.

235 M, 119 F

with confirmed

gastric adeno-

carcinoma;

controls with no

Controlled for age,

sex, tobacco smoking,

alcohol intake.

No association between coffee or tea intake

and risk of gastric cancer.

Agudo et al.

(1992)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

adenocarcinoma

9.1.1.6 Lymphatic System
Case-control coffee:  1+ cups/d

tea:  amount n.p.

cola:  amount n.p.

controls:  same

cases:  249 M,

180 F

controls:  709

M, 448 F

Controlled for alcohol

intake, tobacco

smoking, gender.

No association between coffee consumption

and non-Hodgkin s lymphoma was found.

Tavani et al.

(1994)

9.1.1.7 Pancreas
Case-control 5+ cups of coffee/d 99 Swedish

pancreatic cancer

patients

Controlled for tobacco

smoking.

Coffee consumption was not related to the

incidence of pancreatic cancer.

Norell et al.

(1986)

Case-control decaffeinated coffee (3+ cups/d) 127 U.S. males

and 111 U.S.

females with

pancreatic cancer

Controlled for tobacco

smoking, education,

occupation, religion,

marital status, alcohol

drinking, saccharin

use, height, weight 5

years before

hospitalization, history

of previous diseases,

and residence.

Decaffeinated coffee use was not associated

with an increased risk of pancreatic cancer

in men.  An elevated risk of pancreatic

cancer was associated with consumption of

1-2 cups/d in women, although the results

were borderline significant.

Wynder et al.

(1986)

Case-control coffee (5+ cups/d), decaffeinated

coffee (2+ cups/d), and tea (1+

cups/d)

150 Italian

patients with

pancreatic cancer

Potentially confounded

by tobacco smoking.

Coffee was related to an increased incidence

of pancreatic cancer in patients who drank 2

or more cups of coffee per day (RR=1.72;

95% CI=0.95-3.11), which decreased to

1.44 for those who drank 3-4 cup/day, and

to 1.06 in those who drank 5 or more

cups/day.

LaVecchia et al.

(1987)

Case-control coffee (5+ cups/d), decaffeinated

coffee (2+ cups/d), or tea (1+

cups/d)

1,464 patients

with pancreatic

cancer

(combined

results of

previous studies)

Potentially confounded

by tobacco smoking.

When these patients were grouped with data

from other case-control studies, the relative

risk (95 % CI) was decreased for moderate

coffee drinkers and increased for heavy

coffee drinkers.

LaVecchia et al.

(1987)

Case-control coffee (4+ cups/d) 98 French men

and 63 women

Controlled for foreign

origin, education level,

Coffee was associated with increased risk of

pancreatic cancer in women and men.

Clavel et al.

(1989)
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Table 2.  Human Epidemiological Data (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls Results Reference

with pancreatic

cancer

alcohol consumption,

and tobacco use. Increased risk seen may be due to the

overrepresentation of noncoffee drinkers in

patients used in the study.

9.1.1.8 Reproductive Organs
Case-control coffee (5+ cups/d), decaffeinated

coffee (5+ cups/d) or tea (5+

cups/d)

290 U.S.

women with

ovarian cancer

Controlled for age. An increased risk was associated only with

drinking 4-5 cups of coffee/d.  There was

no association with decaffeinated coffee or

tea consumption and ovarian cancer.

Miller et al.

(1987).

Case-control coffee (amount n.p.) 188 women with

ovarian cancer in

the San

Francisco Bay

area

Controlled for age and

tobacco smoking.

Regular consumers of coffee for more than

40 years are more likely to develop ovarian

cancer than controls.  There was no clear

dose-dependent trend in the data.  Further

study was suggested.

Whittenmore et

al. (1988)

Case-control caffeine, coffee, decaffeinated

coffee, and tea (amounts n.p.)

201 U.S.

women with

vulvar cancer

Controlled for age,

tobacco smoking, and

number of sexual

partners.

There was elevated risk for consumption of

1 cup of coffee/d, 2 cups/d, and more than

4 cups/d, but not for 3 cups/d.  There was

no association of vulvar cancer with tea or

decaffeinated coffee.  Risk of vulvar cancer

increased irregularly with coffee

consumption.

Sturgeon et al.

(1991)

Case-control coffee, tea, and caffeine (amounts

n.p.)

362 white Utah

men with

prostate cancer

Controlled for tobacco

smoking.

Coffee, tea, and caffeine consumption were

not associated with prostate cancer risk.

Slattery and

West (1993)

9.1.1.9 Skin
Case-control caffeine

cases:  274-352 mg

control:  201-257 mg

46 cancer

patients, sex

n.p. 46 controls,

sex n.p.

Controlled for age,

sex, tobacco smoking,

skin-type, sun

exposure, alcohol

intake, and diet.

Caffeine consumption higher in cancer

group, smoking was also higher in cancer

group but was not reported as significant.

Sahl et al.

(1995)

Abbreviation:  ara-C = arabinofurosylcytosine; F = female; CHD = coronary heart disease; n.p. = not provided; M = male; RR = relative risk; NA = not
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applicable; # = number; AP = adenomatous polyp; wk = week(s); + = or more; d = day(s); OR = odds ratio; CI = confidence interval.
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9.1.1.10 Clinical Trials of Chemotherapeutics in Human Cancers

Details of these studies are presented in Table 3.

Bone

The use of caffeine in the treatment of osteosarcoma was studied by Tsuchiya et al.

(1992).  Nine patients with osteosarcoma received chemotherapy combined with caffeine

(maximum 3 g/patient) treatment and surgery.  In this study, the preoperative chemotherapeutic

modality with intra-arterial infusion of cisplatin and caffeine with or without doxorubicin and

systemic administration of high-dose methotrexate produced a 100% response rate for primary

osteosarcoma.  The usual response rate to cisplatin alone, or high-dose methotrexate combined

with bleomycin, cyclophosphamide, and actinomycin D, or multi-drug combination

chemotherapy including cisplatin and high-dose methotrexate is 30-68%.  Caffeine enhanced the

cytocidal effect of cisplatin.  In a similar study that further supports the therapeutic use of

caffeine in osteosarcoma patients, 22 patients were given preoperative courses of intra-arterial

cisplatin (120 mg/m
2
 for 1-2 hours) and caffeine (1.5 g/m

2
/day for 3 days) (Tsuchiya et al., 1998).

Following preoperative treatment, no viable tumor cells were seen in 19 patients, while only

scattered foci of viable cells were seen in two patients.  One patient had some areas of viable

tumor cells.

Brain

Only one study on the effects of caffeine on the treatment of brain tumors was found.

Stewart et al. (1986) looked at the efficacy of a three drug combination of cisplatin,

arabinofuranosyl cytosine (ara-c), and caffeine in the treatment of human intracerebral tumors.

Cisplatin, an antineoplastic agent active against primary and metastatic brain tumors, acts

synergistically with other chemotherapeutic drugs in vitro.  Twenty-five adult patients (19

males, 6 females) with astrocytomas were treated i.v. with cisplatin (75 mg/m
2
).  Ara-c (750

mg/m
2
) was administered i.v. 2-4 hours after cisplatin treatment.  Then, four doses of caffeine

(250-700 mg/m
2
) were given intramuscularly (i.m.) or peroral (p.o.) over 8 hours.  Twelve of the

25 patients (48%) treated were classified as responders defined as improvement in the CT scan
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with neurological worsening and without an increase in steroid dosage.  Three patients (12%) had

tumor stability for more than 12 weeks, 7 (28%) experienced rapid tumor regrowth, and 3 (12%)

died less than 4 weeks after treatment.  The overall results of the study suggest that the three

drug regimen appears to be active against glioblastomas; however, when compared to previous

studies, caffeine did not appear to have increased the efficacy of the cisplatin plus ara-c

treatment.

Pancreas

A phase I-II study using platinol, ara-C, and caffeine in combination (PACE

chemotherapy) was investigated in 28 patients with advanced pancreatic cancer (Dougherty et

al., 1989).  Treatment consisted of cisplatin i.v. at 100 mg/m
2 
(Day 1), ara-C i.v. at 2 g/m

2
 every

12 hours (2 doses), and caffeine subcutaneously (s.c.) at 200, 400, 600, or 800 mg/m
2 
(1-4

mmol/m
2
) after each ara-C dose.  Courses were repeated every 28 days.  The results indicated

that the combination of cisplatin, ara-C, and caffeine was an active and tolerable therapy in the

treatment of pancreatic cancer.  No comparisons were made to treatment without caffeine.

Kelsen et al. (1991) conducted a phase III comparison of cisplatin, ara-C, and caffeine

(CAC chemotherapy) versus standard treatment of mitomycin, streptozotocin, and 5-fluorouracil

(5-FURA) in 82 patients with advanced pancreatic cancer.  Treatment 1 consisted of cisplatin i.v.

at 100 mg/m
2 
(Day 1), ara-C i.v. at 2 g/m

2
 every 12 hours (2 doses), and caffeine s.c. at 400 mg/m

2

(2 mmol/m
2
) after each ara-C dose.  Courses were repeated every 28 days.  Treatment 2 consisted

of i.v. streptozotocin (1 g/m
2
), on days 1, 8, 29, and 36; mitomycin C (10 mg/m

2
) on day 1; and

5-FURA (600 mg/m
2
) on days 1, 8, 29, and 36.  Cycles were repeated every 8 weeks.  CAC

treatment was inferior to standard therapy (without caffeine) for the treatment of pancreatic

cancer.

A phase II study using PACE chemotherapy in combination with continuously-infused

5-FURA was investigated in 19 patients with advanced pancreatic cancer who had not

previously received cytotoxic therapy (Kellogg et al., 1993).  Treatment consisted of cisplatin i.v.

at 100 mg/m
2 
(Day 1), ara-C i.v. at 2 g/m

2
 every 12 hours (2 doses), and caffeine s.c. at 400 mg/m

2
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(2 mmol/m
2
) after each ara-C dose.  5-FURA (250 mg/m

2
) was administered by continuous

infusion on days 3-21.  Courses were repeated every 28 days.  The addition of 5-FURA did not

significantly improve the response rate of patients to PACE chemotherapy.

In most cases, the effectiveness of caffeine could not be determined because the

appropriate controls were not performed.

Skin

A study by Cohen et al. (1980) found that caffeine did not enhance MeCCNU (methyl-1-

(2-chloroethyl)-3-cyclohexyl-1-nitrosourea, a chemotherapeutic agent) activity in patients with

advanced metastatic malignant melanoma.  Patients received either 200 mg/m
2
 MeCCNU orally

every 6 weeks or a combination of MeCCNU and caffeine (600 mg/m
2
; 3.09 mmol/m

2
) s.c.  The

response rate for MeCCNU alone was 11%, while in combination with caffeine it was 12%.
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Table 3.  Clinical Trials of Chemotherapeutics in Human Cancers
Study Type Substance and Amount Number and

Sex of
Individuals

Controls
(Concurrent or

Historical)

Results Reference

Bone
Clinical trial caffeine:  1.2-1.5 g/m

2
/d

cisplatin:  120 mg/m
2
/h

5 males, 4

females

Historical 100% response rate for primary osteosarcoma,

versus response rate for traditional treatment of

30-68%.  Seven osteosarcomas showed no

tumor stain on angiograms after the first

intraarterial infusion of cisplatin and caffeine.

Caffeine enhanced the cytocidal effect of

cisplatin.

Tsuchiya et al.

(1992)

Clinical trial caffeine:  1.5 g/m
2
/d for 3 d

cisplatin:  30 mg/m
2
/d for 2 d

14 males, 8

females

Historical Following preoperative treatment, no viable

tumor cells were seen in 19 patients, while

only scattered foci of viable cells were seen in

two patients.  One patient had some areas of

viable tumor cells.  18 patients remained

disease free after 61 months.  Overall 5-year

cumulative survival rate was 90%.  17 patients

maintained excellent limb function.  Caffeine is

thought to enhance the cytotoxicity of

anticancer agents by inhibiting post-replication

repair of sublethally-damage DNA, with the

degree of enhancement dependent upon the

degree of lethal or sublethal effects of the

anticancer agents.

Tsuchiya et al.

(1998)

Brain
Clinical trial caffeine:  250-700 mg/m

2

cisplatin:  75 mg/m
2

ara-C:  750 mg/m
2

19 males, 6

females

(20 with

grade IV

astro-

cytomas; 5

with grade III

astrocytomas)

Historical; results

compared with a

prior study in a

similar patient

population treated

with cisplatin and

ara-c without

caffeine.

12/25 responded to 3 drug regimen,

3/25 showed stabilized tumors >12 wk, 7/25

had rapid tumor regrowth, 3/25 died < 4 wk

after initiating treatment.  The onset of caffeine-

induced seizures prevented the use of caffeine

levels necessary for a beneficial effect.  As a

result, caffeine did not significantly improve

response to treatment.

Stewart et al.

(1986)
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Table 3.  Clinical Trials of Chemotherapeutics in Human Cancers (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls
(Concurrent or

Historical)

Results Reference

Pancreas
Clinical Trial

(Phase I-II)

Treatment consisted of cisplatin

i.v. at 100 mg/m
2
 (Day 1), ara-C

i.v. at 2 g/m
2
 every 12 h (2

doses), and caffeine s.c. at 200,

400, 600, or 800 mg/m
2
 (1-4

mmol/m
2
), after each ara-C dose.

Courses were repeated every 28

days.

28 patients

with

advanced

pancreatic

cancer

Historical Eighteen of the 28 patients had measurable

disease, and of these, 7 of 18 patients (39%)

responded to therapy, with mean survival rate of

9.5 mo, as compared with 15-20% response rate

with traditional therapy.  Mean survival rate of

the group was 6.2 mo.  No previous studies

have been reported in with the combination of

cisplatin, ara-c, and caffeine (PACE

chemotherapy) were investigated for the

treatment of pancreatic cancer, although the

study design was based upon nude-mouse- to

human equivalents for the same drug

combination studied in a nude mouse-human

xenograft model.  The results indicate that the

PACE chemotherapy is an active and tolerable

therapy in the treatment of pancreatic cancer.

Dougherty et al.

(1989)

Clinical Trial

(Phase III)

Treatment 1 consisted of:

cisplatin i.v. at 100 mg/m
2
 (Day

1), ara-C i.v. at 2 g/m
2
 every 12

h. (2 doses), and caffeine s.c. at

400 mg/m
2 
(2 mmol/m

2
), after

each ara-C dose.  Courses were

repeated every 28 d. Treatment 2

consisted of i.v. streptozotocin (1

g/m
2
), on days 1, 8, 29, and 36;

mitomycin C (10 mg/m
2
) on day

1, 5-FURA (600 mg/m
2
) on days

1, 8, 29, and 36.  Cycles were

repeated every 8 wk.

82 patients

with

advanced

pancreatic

cancer, sex

n.p.

Historical The 95% confidence intervals for the two

regimens overlapped, and neither therapy was

found to be effective against advanced pancreatic

cancer.

Kelsen et al. (1991)

Clinical Trial

(Phase II)

Treatment consisted of cisplatin

i.v. at 100 mg/m
2
 (Day 1), ara-C

i.v. at 2 g/m
2
 every 12 h (2

19 patients

with

advanced

Historical The addition of 5-FURA did not measurably

improve the response rate of PACE

chemotherapy.  The individual effect of caffeine

Kellogg et al.

(1993)
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Table 3.  Clinical Trials of Chemotherapeutics in Human Cancers (Continued)
Study Type Substance and Amount Number and

Sex of
Individuals

Controls
(Concurrent or

Historical)

Results Reference

doses), and caffeine s.c. at 400

mg/m
2 
(2 mmol/m

2
), after each

ara-C dose.  5-FURA (250

mg/m
2
) was administered by

continuous infusion on days 3-

21.  Courses were repeated every

28 d.

pancreatic

cancer who

had not

previously

received

cytotoxic

therapy, sex

n.p.

was not determined in this study.

Skin
Clinical Trial Treatment with 600 mg/m

2
 (3.09

mmol/m
2
) caffeine s.c. and 200

mg/m
2
 MeCCNU orally every 6

wk.

157 patients

with

malignant

melanoma,

sex n.p.

Concurrent,

patients treated

with MeCCNU

without caffeine

Negative for enhancement of MeCCNU activity.

11% response to MeCCNU alone; 12% response

with caffeine.

Cohen et al. (1980)

Abbreviations:  n.p. = not provided; NA = not applicable; 5-FURA = 5-fluorouracil; h = hour(s); d = day(s); wk = week(s); i.v. = intravenous injection; s.c. =

subcutaneous injection; mo = month(s); MeCCNU = methyl-CCNU.
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9.1.2 Chemical Disposition, Metabolism, and Toxicokinetics

Absorption of caffeine from the gastrointestinal tract is pH-dependent, rapid, and

virtually complete.  After absorption, it is distributed rapidly into body fluids (Chvasta and

Cooke, 1971; Marks and Kelly, 1973; Robertson et al., 1978; Bonati et al., 1982; all cited by

IARC, 1991).  In vivo and in vitro studies show that caffeine is bound to plasma proteins, mainly

albumins (Bonati and Garattini, 1984; Yesair et al., 1984; both cited by IARC, 1991).  In adults,

the half-life of caffeine in the body is 2.5 to 4.5 hours (Aranda et al., 1979a,b; Parsons and

Neims, 1981; Gorodischer and Karplus, 1982; all cited by IARC, 1991).  The use of oral

contraceptives can double the half-life of caffeine (Patwardhan et al., 1980; Callahan et al., 1983;

both cited by IARC, 1991).

Metabolism of caffeine is by hepatic microsomal enzymes and significant metabolism

does not appear to occur in other organs (Grant et al., 1987; Berthou et al., 1989; Arnaud, 1987;

all cited by IARC, 1991).  In humans, caffeine is metabolized into more than 25 metabolites, the

primary metabolites being paraxanthine, theobromine, and theophylline (Etherton and Kochar,

1993).  These metabolites can act in several ways, including as adenosine receptor antagonists,

inhibitors of cyclic nucleotide phosphodiesterase activity, mobilizers of calcium, and inhibitors of

monoamine oxidase activity.  Antagonism to the adenosine receptor found in the brain, kidney,

cardiovascular system, respiratory system, gastrointestinal system, and adipose tissue is the

most important effect.  Adenosine can either inhibit or stimulate cAMP production within a cell

by binding to high-affinity A1 receptors (inhibition) or low-affinity A2 receptors (stimulation).

Cyclic AMP acts as a second messenger to activate a cAMP-dependent protein kinase, which

phosphorylates selected proteins within the cell.  Depending on the protein, the process of

phosphorylation can be either stimulatory or inhibitory.  Some cell functions are regulated

through the second messenger system.  Caffeine blocks adenosine receptors (A1 and A2) and

prevents adenosine from inhibiting or stimulating cAMP production.  Through this mechanism of

action, caffeine can cause such effects as diuresis, central nervous system stimulation, increased

cardiac contractility, bronchodilation, and analgesia (Etherton and Kochar, 1993).

Horn et al. (1995) investigated the hypothesis that caffeine metabolism varies by gender.
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A caffeine breath test (CBT) was performed on 113 adult volunteers given an oral dose of 3

mg/kg (15 µmol/kg) caffeine.  The CBT measures 3-N-dimethylation, the primary route of

caffeine metabolism which is catalyzed by P4501A2.  An elevated CBT was observed in men,

although the increase was not statistically significant.  Women who had never given birth

(nulliparous) had lower CBT levels compared to women who had given birth (parous).  Parous

women had CBT levels similar to men.  Also, women taking oral contraceptives had lower CBT

values.  The results of this study indicate that there is no significant difference in caffeine

metabolism between men and women in general, but suggests that women develop increased

P4501A2 activity after childbirth.

In a recent study investigating the association between smoking and bladder cancer risk,

caffeine and metabolites in 97 healthy male volunteers were measured following a single ingestion

of a standardized cup of coffee (Landi et al., 1996).  The results suggest that exposure to blond

(flue-cured) tobacco smoke, meat consumption the day before the measurement, and regular

ingestion of more than 4 cups of coffee per day were associated with increases in the level of

cytochrome P4501A2-dependent N-oxidation.  This metabolic pathway may be involved in an

elevated bladder cancer risk via the formation of reactive intermediates that can form hemoglobin

and DNA adducts.

In a caffeine excretion study by Lu et al. (1998), 120 volunteers provided urine samples at

regular intervals between the 4
th

 and 5
th

 hours after consuming three cups of coffee.  Five of at

least 13 caffeine metabolites normally excreted in humans, 5-acetylamino-6-formylamino-3-

methyluracil (AFMU); 1-methylxanthine (1MX); 1-methyluric acid (1MU); 1,7-

dimethylxanthine (1,7MX); and 1,7-dimethyluric acid (1,7DMU), were measured in human urine

using reverse-phase HPLC.  The concentrations of these metabolites in urine were 5.7-371 µM

for AFMU; 8.0-220 µM for 1MX; 6.1-207.0 µM for 1MU; 5.6-147 µM for 1,7MX; and 11.0-

136 µM for 1,7DMU.

9.1.3 Acute Exposure
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Limited data are available on the effects of acute exposure to caffeine.  Some adverse

health effects in humans such as gastric symptoms, insomnia, and diuresis have been observed

(Lachance, 1982; Rall, 1985; Stavric, 1988; all cited by IARC, 1991).  At doses up to 2 µg/mL

(10 nmol/mL) in blood, caffeine stimulates the central nervous system (CNS).  Concentrations of

10-30 µg/mL (51-154 nmol/mL) can cause restlessness, excitement, tremors, tinnitus, and

headache (Lachance, 1982; Ashton, 1987; Stavric, 1988; all cited by IARC, 1991).  In adults, the

acute lethal dose (orally or i.v.) of caffeine is approximately 5 to 10 g (26-51 mmol), a quantity

contained in about 75 cups of coffee or 125 cups of tea (HSDB, 1997).

Acute toxicity values for caffeine in animals are presented in Table 4.  The details of

studies discussed in this section are presented in Table 5.

Table 4.  Acute Toxicity Values for Caffeine

Route Species (sex and strain) LD50 Reference

i.p. mouse (sex and strain n.p.) 168 mg/kg (0.855 mmol/kg) Senda and Hirota (1974)

rat (sex and strain n.p.) 240 mg/kg (1.24 mmol/kg) RTECS (1997)

rabbit (sex and strain n.p.) 150 mg/kg (0.772 mmol/kg) RTECS (1997)

i.v. mouse (M, CD2F1/Cr1BR) 62 mg/kg (0.319 mmol/kg) Bonati et al. (1985)

rat (sex n.p., Albino) 105 mg/kg (0.541 mmol/kg) Scott and Chen (1944)

oral mouse (M and F, Swiss CD) 127 mg/kg (0.654 mmol/kg) Palm et al. (1978)

rat (sex n.p., Albino) 192 mg/kg (0.989 mmol/kg) Boyd (1965)

hamster (M and F, Golden) 230 mg/kg (1.18 mmol/kg) Palm et al. (1978)

guinea pig (M, CBL) 230 mg/kg (1.18 mmol/kg) Boyd (1960)

rabbit (M and F, New Zealand

white)

150 mg/kg (0.772 mmol/kg) Palm et al. (1978)

s.c. mouse (sex and strain n.p.) 242 mg/kg (1.25 mmol/kg) RTECS (1997)

rat (sex and strain n.p.) 170 mg/kg (0.875 mmol/kg) Peters (1967)

Abbreviations:  F = female; i.p. = intraperitoneal injection; i.v. = intravenous injection; M = male; n.p. = not

provided; s.c. = subcutaneous; LD50 = dose lethal to 50% of test animals.

The acute effects of caffeine in mice were studied by Bonati et al. (1985).  Mice

administered caffeine i.v. (30-120 mg/kg; 0.154-0.618 mmol/kg) and orally (150-620 mg/kg;
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0.772-3.19 mmol/kg) suffered convulsions approximately 10 seconds after treatment.  Mortality

occurred within 90 seconds and was the result of respiratory arrest.

Palm et al. (1978) administered oral doses of caffeine to mice, rats, hamsters, and rabbits.

In all species, deaths occurred within 2 days of dosing but death in some animals was delayed to

14 days after dosing.  Signs of toxicity included diarrhea and weight loss.  In rats, increased

mortality was present among females compared to males.

Guinea pigs experienced excitement, convulsions, gastroenteritis, and edema of the liver,

heart, lungs, spleen, and adrenal glands 1 hour after oral administration of 230 mg/kg (1.18

mmol/kg) caffeine (Boyd, 1960).
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Table 5.  Acute Exposure to Caffeine

Species
Strain, and

Age

Number
and Sex of
Animals

Chemical Form
and Purity

Route/Dose Exposure/
Observation

Period

Results/Comments Reference

Mouse

CD2F1/Cr1B

R mature, age

n.p.

100 M caffeine, purity n.p. i.v.:  30-120 mg/kg

(0.154-0.618

mmol/kg)

oral:  150-620 mg/kg

(0.772-3.19 mmol/kg)

Single dose;

1 wk

observation

period

Convulsions, seizures, death from

respiratory arrest.

Bonati et al.

(1985)

Swiss CD,

young adult,

age n.p.

15 M, 15 F

dose group

caffeine dissolved

in water, 50

mg/mL

oral:  30 mg/kg/day

(0.154 mmol/kg/day)

Single dose,

15 day obser-

vation period

Diarrhea, weight gain or loss.  Increased

mortality among females compared to

males.

Palm et al.

(1978)

Rat

Sprague-

Dawley,

young adult,

age n.p.

15 M; 15 F

/dose group

caffeine dissolved

in water, 50

mg/mL

oral:  dose n.p. Single dose,

15 day

observation

period

Death within 2 days of dosing,

occasionally delayed up to 14 days.

Symptoms included diarrhea and weight

loss.  Increased mortality among females

compared to males.

Palm et al.

(1978)

Hamster

Golden, age

n.p.

15 M, 15 F

/dose group

caffeine dissolved

in water, 50

mg/mL

oral:  dose n.p. Single dose,

15 day

observation

period

Death within 2 days of dosing,

occasionally delayed up to 14 days.

Symptoms included diarrhea and weight

loss.  Increased mortality among females

compared to males.

Palm et al.

(1978)

Guinea Pig

CBL, young,

age n.p.

37 M caffeine, purity n.p. oral:  230 mg/kg

(1.18 mmol/kg)

Single dose,

2 day obser-

vation period

Excitement, convulsions, gastroenteritis,

and edema of the liver, heart, lungs,

spleen, and adrenal glands after 1 h.

Boyd (1960)

Table 5.  Acute Exposure to Caffeine (Continued)
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Species
Strain, and

Age

Number
and Sex of
Animals

Chemical Form
and Purity

Route/Dose Exposure/
Observation

Period

Results/Comments Reference

Rabbit

New Zealand

White, age

n.p.

10 M, 10 F

/dose group

caffeine dissolved

in water, 50

mg/mL

oral:  dose n.p. Single dose,

15 day

observation

period

Death within 2 days of dosing,

occasionally delayed up to 14 days.

Symptoms included diarrhea and weight

loss.

Palm et al.

(1978)

Abbreviations:  F = female; h = hour(s); M = male; n.p. = not provided; wk = week(s); i.v. = intravenous injection.
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9.1.4 Short-Term and Subchronic Exposure

No data on the short-term and subchronic effects of caffeine were located.

9.1.5 Chronic Exposure

In a study reviewed by IARC investigating the chronic of caffeine, rats exposed to 200-

2000 mg/L (1.03-10.30 mM) in drinking water for 104 weeks showed decreased body weight at

the highest dose; a slight increase in mortality was observed in males (Mohr et al., 1984, cited by

IARC, 1991).

The chronic toxicity of coffee was evaluated by Palm et al. (1984).  In a two-year toxicity

study of Sprague-Dawley CD rats (150 males, 150 females) exposed to three concentrations of

fresh-brewed coffee (25, 50, and 100%) in utero, groups receiving 50 and 100% had smaller mean

body weights.  Bone calcium was reduced in females consuming 25 or 100% for 1 year, but not

after 2 years.  Increases in the relative weights of the lungs, kidneys, liver, and epididymides were

observed.  Serum cholesterol levels were elevated in males (25 and 100%) after 2 years and in

females (100%) after 1 and 2 years.  During the 2-year period, rats drank approximately 82-196

mL/kg caffeine per day in water and consumed 344-573 g/kg/week (1.77-2.95 mol/kg/week) in

feed.

9.2 Reproductive and Teratological Effects

Details of these studies are presented in Table 6.

An IARC (1991) review reported that several epidemiologic studies found a correlation

between congenital malformations and caffeine consumption (Borl e et al., 1978; Linn et al.,

1982; Rosenberg et al., 1982; Tohnai et al., 1984; Furuhashi et al., 1985; all cited by IARC,

1991).  Total caffeine intake was also positively associated with low birthweight babies after

controlling for tobacco smoking and other variables (Caan and Goldhaber, 1989; cited by IARC,

1991).  A more recent review by Etherton and Kochar (1993) concluded that studies on the effect

of coffee intake on fertility and premature births were largely inconclusive.

Caan et al. (1998) investigated differences in fertility associated with caffeinated beverage
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consumption in 210 women and reported that no significant associations were found for any

caffeine-containing beverages, except tea.  Daily consumption of a half cup or more of tea

doubled the odds of conception.  However, the authors noted that tea consumption may be

associated with other lifestyle characteristics (not specified) that enhance fertility.

Treating semen in vitro with caffeine increased sperm motility but did not alter sperm

morphology (Hommonai et al., 1976; Traub et al., 1982; Aitken et al., 1983; Barkay et al., 1984;

all cited by IARC, 1991).  The effect of caffeine intake on the frequency of aneuploidy in sperm

has been investigated (Robbins et al., 1997).  Aneuploidy is a common cause of poor

reproductive outcomes in humans and can result in severe medical problems in offspring.  The

results, controlled for alcohol use, age, and urinary levels of cotinine, indicated that caffeine

intake, measured as coffee cup equivalents per day, was associated with increased levels of

numerical chromosomal abnormalities (for chromosomes X, Y, and 18) in sperm.

Mahony et al. (1996) studied the in vitro effects of caffeine on zona pellucida penetration

by epididymal spermatozoa in Cynomolgus monkeys (Macaca fascicularis).  The motility of

sperm from the corpus and cauda epididymal regions of seven monkeys was observed before and

after treatment with caffeine.  Caffeine increased the curvilinear velocity but not the linear

velocity of cauda sperm; the velocity of corpus sperm was not altered.  Of interest is the

observation that treatment with caffeine was necessary for penetration of the zona pellucida by

both sperm types.  No hypothesis was provided to explain these results.
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Table 6.  Reproductive and Teratological Effects
Species, Strain,

and Age
Number and

Sex
Chemical
Form and

purity

Dose Exposure/
Observation Period

Results Reference

Human, adults,

age n.p.

210 F Caffeinated

beverages

Mean total

caffeine intake

was 600

mg/wk (3.09

mmol/kg)

Case control Weight, smoking, alcohol consumption, fat

intake, diet, and physical activity were

controlled for.  No significant association

between fertility and coffee or soda; tea

drinking appeared to double the odds of

conception.

Caan et al. (1998)

In vitro human,

study using

sperm from

Caucasian males

age 18-35

Group 1:  19 M

Group 2:  12 M

Group 3:  14 M

Coffee Group 1: no

caffeine

Group 2: 1

cup/day

Group 3: 2+

cups/day

Case-control Controlled for alcohol use, age, and urinary

levels of cotinine.

Mean aneuploid levels were as follows:

XX18:  Group 1 (1.9%), Group 2 (1.3%),

Group 3 (2.3%)

YY18:  Group 1 (1.3%), Group 2 (0.6%),

Group 3 (1.6%)

XY18:  Group 1 (9.0%), Group 2 (10.5%),

Group 3 (12.1%)

18-18:    Group 1 (3.5%), Group 2 (3.2%),

Group 3 (4.8%)

Robbins et al.

(1997)

Cauda and corpus

sperm from

epididymus of

adult

Cynomolgus

monkeys

7 M Caffeine,

purity n.p.

1 mM (0.2

g/mL)

Treatment in vitro for

0.5 h

No change in VL, but significant increase in

VCL of cauda sperm; no significant increase

in VL or VCL of corpus sperm; gained

ability to penetrate zona pellucida by corpus

and cauda sperm.

Mahony et al.

(1996)

Abbreviations: n.p. = not provided; F = female(s); M = male(s); h = hour(s); VCL = curvilinear velocity; VL = linear velocity; + = or more.
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9.3  Carcinogenicity in Animals

Details of studies in this section not previously reviewed are presented in Table 7.

Caffeine was tested for carcinogenicity in mice in a drinking water study (Welsch et al.,

1988a, cited by IARC), in mice administered caffeine i.p. (Theiss and Shimkin, 1978, cited by

IARC), and orally in rats.  The mouse studies were concluded by IARC to be inadequate for

evaluation.  In two of the rat studies (Takayama and Kuwabara, 1982; Mohr et al., 1984; cited by

IARC, 1991), no differences in the incidence of tumors at any site were found.  Four additional

rat studies (Yamagami et al., 1983; Johansson, 1981; W rzner et al., 1977; Brune et al., 1981; all

cited by IARC, 1991) were concluded to be inadequate for evaluation.  The overall IARC

evaluation indicated that there were inadequate experimental data to associate caffeine with

rodent carcinogenicity.

The incidence of tumors in male and female Swiss mice (150/sex) fed diets containing 10-

50 g instant coffee powder/kg/day was inversely proportional to the amount of coffee ingested

(Stalder et al., 1984, 1990).  The incidence of lymphosarcomas, bronchio-alveolar adenomas and

adenosarcomas was 34.8 for males and 36.2 for females in the high dose group, versus 70.6 for

males and 56.8 for females in the control group.  There was a slightly increased incidence of

leiomyomas in the uterus in the low and high dose groups (1.37 and 2.72%, respectively)

compared to 0% in the controls.  Ingestion of up to 5% coffee in the diet for 2 years did not

increase the incidence of malignant neoplasms.

9.3.1 Bladder

Bladder cancer associated with caffeine consumption in rats was first reported by

Takayama (1981a, cited by Pozniak, 1985), although the results were refuted later by both the

Food and Drug Administration (FDA) and the author himself (Takayama, 1981b, cited by

Pozniak, 1985).  In Takayama (1981b), following consumption of 100 and 200 mg/kg (0.51 mmol

and 1.03 mmol/kg) caffeine, respectively, Wistar rats showed no significant differences in the

occurrence of tumors in control or treatment groups.
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Studies Reviewed by IARC (1991)

No significantly increased incidences of bladder tumors (or tumors of any kind) were

noted in the only rat studies considered adequate by IARC (Takayama and Kuwabara, 1982;

Mohr et al., 1984; both cited by IARC, 1991).

9.3.2 Mammary Gland

No significantly increased incidences of mammary gland tumors were noted in the only

two rat studies considered adequate by IARC (Takayama and Kuwabara, 1982; Mohr et al.,

1984; both cited by IARC, 1991).

A review of the role of caffeine in the development of the normal and neoplastic

mammary gland in rats and mice was conducted by Welsch (1994).  In the studies reviewed,

caffeine was shown to stimulate mammary gland lobulo-alveolar development and secretion.  The

development of mammary gland tumors can either be stimulated or suppressed depending upon

the animal species and strain, and the stage of tumorigenesis (initiation/promotion) at which

caffeine is administered.  In mice, caffeine does not appear to act directly on the mammary gland,

but via increased secretion of corticosterone.

Studied Not Previously Reviewed

A study of the appearance of hyperplastic alveolar nodules (HAN; a preneoplastic state

of the mammary glands of mice) after caffeine administration was conducted (Nagasawa et al.,

1985).  Caffeine (500 mg/L [2.57 mM] ad libitum in drinking water for 60 days) administered to

two groups of mice (Groups I and II, 4.5 and 2.5 months of age, respectively) promoted the

growth of the mammary end-bud (lobulo-alveolar) system (of which HAN are an outgrowth) in

Group I, but did not significantly affect HAN appearance in Group II.  In a follow-up to this

study, four strains of mice (SHN, SLN, GR/A, and C3H/HeMei) were given 500 mg/L (2.57

mM) caffeine ad libitum in drinking water from 20 days of age and sacrificed at 40, 60, 90, 120

and 150 days of age (Nagasawa and Konishi, 1987).  An increase in HAN was present in
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caffeine-treated mice of all four strains at 60, 120, 60, and 90 days of age, respectively.  No such

change was seen in controls.  In another study, caffeine (500 mg/L [2.57 mM] ad libitum in

drinking water from day 20 of age to day 60) had no effect on mammary gland growth in

C3H/HeMei mice (Nagasawa and Sakurai, 1986).  A third study showed that caffeine (500 mg/L

[2.57 mM] ad libitum in drinking water from day 20) stimulated spontaneous mammary

tumorigenesis and increased the number of HAN in virgin and breeder C3H/HeMei mice versus

controls; however, caffeine had no effect on the number or growth of mammary tumors

(Nagasawa and Konishi, 1988).

9.3.3 Pituitary Gland

Yamagami et al. (1983) studied the effect of caffeine on the pituitary gland in rats.  Eighty

female Wistar rats were given 13.5 g (69.5 mmol) of a 0.2% (2000 µg/mL; 10.3 µmol/mL) caffeine

solution orally ad libitum for 12 months which resulted in decreased body weight and an increase

in the weight of the pituitary gland caused by the growth of a pituitary adenoma or hyperplasia.

The adenomas appeared to be endocrinologically nonfunctioning.  Weight loss was attributed to

either caffeine-induced diarrhea, promotion of lipolysis by phosphodiesterase inhibition in

adipose tissue, loss of appetite, or a cachectic state resulting from a pituitary tumor.
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Table 7.  Carcinogenicity in Animals

Species,
Strain, and

Age

Number
and Sex of
Animals

Chemical
Form and

Purity

Dose Exposure/
Observation

Period

Results/Comments Reference

Swiss mice (in
utero)

150 M and

F

caffeine,

purity n.p.

In utero:  lactating

dams were fed 1%

(10 g/day) instant

coffee in the diet.

Post-partum:10,

25, or 50 g (1-5%)

instant coffee/kg

daily in the diet

2 years Incidence of common tumors (lymphosarcomas,

bronchio-alveolar adenomas and adenosarcomas):

High dose group (50 g/kg/day):  34.8% (M);

36.2% (F)

Controls:  70.6% (M); 56.8% (F)

Incidence of leiomyomas in the uterus:

Low dose group (10 g/kg/day): 1.37%

High dose group (50 g/kg/day): 2.72%

Control group: 0%

Stalder et al.

(1984, 1990)

Mice, SLN

virgin, 2.5-4.5

months

caffeine,

purity n.p.

500 mg/L (2.57

mM) ad libitum in

drinking water for

60 days to two

groups of mice

(Groups I and II,

4.5 and 2.5 months

of age, respectively)

2 month

exposure,

observation

period n.p.

The growth of the mammary end-bud (lobulo-

alveolar) system was promoted in Group I, but

HAN appearance in Group II was not

significantly affected.

Nagasawa et al.

(1985)

Mice, SHN,

SLN, GR/A and

C3H/ HeMei,

40 to 150 days

caffeine,

purity n.p.

500 mg/L (2.57

mM) ad libitum in

drinking water from

20 days of age

exposure and

observation

period up to

150 days

Mice given caffeine and sacrificed at 40, 60, 90,

120 and/or 150 days of age showed HAN at 60,

120, 60, and 90 days of age in SHN, SLN,

GR/A and C3H/HeMei mice, respectively versus

no such change in controls.

Nagasawa and

Konishi (1987)

Mice,

C3H/HeMei, 20

days

caffeine,

purity n.p.

500 mg/L (2.57

mM) ad libitum in

drinking water from

day 20 of age to

day 60

exposure up

to 70 days,

observation

period n.p.

No effect on mammary gland growth. Nagasawa and

Sakurai (1986)

Mice,

C3H/HeMei, 20

days

caffeine,

purity n.p.

500 mg/L (2.57

mM) ad libitum in

drinking water from

day 20 of age

exposure n.p.,

observation

up to 20

months of age

Caffeine stimulated spontaneous mammary

tumorigenesis and increased the number of HAN

in virgin and breeder C3H/HeMei mice versus

controls; however, caffeine had no effect on the

Nagasawa and

Konishi (1988)
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Table 7.  Carcinogenicity in Animals

Species,
Strain, and

Age

Number
and Sex of
Animals

Chemical
Form and

Purity

Dose Exposure/
Observation

Period

Results/Comments Reference

number or growth of mammary tumors

1 month old

Wistar rats
80 F caffeine, 0.2%

(2000 µg/mL)

13.5 g (69.5 mmol) dosed for 12

months
Hyperplasia and adenoma of the pituitary gland

in 27/40 dosed rats and 9/30 of controls.

Adenomas endocrinologically non-functioning

Yamagami et al.

(1983)

Abbreviations:  n.p. = not provided; F = female; M = male.
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9.4 Antitumor Effect of Caffeine

In a study by Sadzuka (1995c), administration of adriamycin for 5 days at a dose of 0.5

mg/kg/day plus 100 mg/kg/day (0.5 mmol/kg/day) caffeine, increased the survival time of Ehrlich

ascites-bearing mice by 39% over that seen with adriamycin without caffeine.  However, caffeine

(100 mg/kg/day; 0.5 mmol/kg/day) had no effect on survival following a dose of 2.0 mg/kg/day of

adriamycin.

9.5 Modulation of Carcinogenicity

Studies Reviewed By IARC (1991)

The effect of caffeine on tumors induced by known carcinogens has been studied using a

variety of animal models (IARC, 1991).  In three separate studies, caffeine had no effect on the

incidence of bladder tumors induced in rats by N-nitroso-N-butyl(4-hydroxybutyl)amine

(Nakanishi et al., 1978, 1980; and Kunze et al., 1987, cited by IARC, 1991), nor did it have any

effect on pancreatic tumors in rats induced by 4-hydroxyaminoquinoline 1-oxide (Denda et al.,

1983, cited by IARC, 1991).  Administration of caffeine resulted in a decreased incidence of lung

tumors in mice treated with urethane (Theiss and Shimkin, 1978, cited by IARC 1991), of

mammary tumors in rats treated with diethylstilbestrol (Petrek et al., 1985, cited by IARC,

1991), and of skin tumors in mice induced by UV light (Zajdela and Laterjet, 1973, 1975,

1978a,b, cited by IARC, 1991) or cigarette-smoke condensate (Rothwell, 1974, cited by IARC,

1991).  Two other studies of urethane coadministered with caffeine in mice were deemed

inadequate (Armuth and Berenblum, 1981; Nomura, 1983, both cited by IARC).  A slightly

protective effect against tumorigenesis was seen in mice administered caffeine in the drinking

water 120-156 hours prior to s.c. administration of 4-nitroquinoline 1-oxide (Nomura, 1976,

1980, cited by IARC, 1991).  A study which found a significant increase in squamous cell

carcinomas in mice treated with caffeine, 4-nitroquinoline 1-oxide, and UV light was deemed

inadequate by the IARC Working group (Hoshino and Tanooka, 1979, cited by IARC).  Mice fed

caffeine and morpholine in the diet along with sodium nitrite in the water had decreased numbers

of lung tumors compared to mice without caffeine (Mirvish et al., 1975, cited by IARC, 1991).
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Male Wistar rats receiving caffeine in drinking water three days prior to a 10-day daily treatment

of i.p.-administered N-nitrosodiethylamine showed decreased incidences of liver tumors

compared to controls; however, the IARC Working group noted that this reduction might be

attributed to the high death rate in the caffeine-treated group.  Caffeine had no effect on

mammary tumors induced in mice or rats by 7,12-dimethylbenz[a]anthracene (Welsch et al.,

1983, 1988a,b; Minton et al., 1983; Welsch and DeHoog, 1988; all cited by IARC, 1991).

Studies in rats of the effect of caffeine on the incidence of tumors induced by 2-

acetylaminofluorene (Hosaka et al.,1984; cited by IARC, 1991) and benzo[a]pyrene (Brune et al.,

1981; cited by IARC, 1991) were deemed inadequate by the IARC Working Group.

Studies Not Previously Reviewed

The details of these studies are presented in Table 8.

Two studies by Sadzuka et al. (1995a and b) investigated the mechanism by which

caffeine enhances the antitumor activity of adriamycin in vivo and in vitro.  In the first study, the

effects of adriamycin with and without caffeine on DNA and protein biosynthesis, and on the

activities of DNA polymerase α and β were examined.  Ehrlich ascites carcinoma cells were

transplanted onto the backs of male CD1 mice (6 or 7 mice/group).  Adriamycin was

administered i.p. (2.0 mg/kg/day) into the carcinoma-bearing mice at 10, 12, 14, and 16 days after

tumor initiation.  Caffeine (100 mg/kg/day; 0.5 mmol/kg/day) was administered i.p. at 11, 13, 15,

and 17 days after tumor initiation.  The decrease in DNA and protein biosynthesis in tumors

produced by caffeine combined with adriamycin were 2.4 and 2.5 times greater, respectively,

compared to adriamycin alone.  DNA polymerase activities in the tumor which was induced by

adriamycin were 1.8 and 1.6 times greater, respectively, compared to controls.  Conversely,

adriamycin-induced effects in normal tissues were not enhanced by caffeine, although adriamycin

concentrations were enhanced by 2.1-fold versus adriamycin administered alone.  Caffeine (100

nM; 19.4 µg/mL) also inhibited the efflux of adriamycin (10 µg/mL) from cultured Ehrlich ascites
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carcinoma cells in vitro.  The results suggest the effect of caffeine on intracellular adriamycin

concentrations may be related to its enhancement of adriamycin antitumor activity.

In the second study, the effects of caffeine as a biochemical modulator of adriamycin s

antitumor activity were investigated in vitro and in vivo (Sadzuka et al., 1995b).  In vitro,

adriamycin (10 µg/mL) was incubated alone and in combination with caffeine (100 nM; 19.4

µg/mL) with Ehrlich ascites carcinoma cells which had been transplanted in male CDF1 mice, and

collected after the seventh day of transplantation.  Immediately after the start of incubation with

caffeine, an immediate decrease in cellular adriamycin concentration was seen.  After 180 minutes,

caffeine inhibited the efflux of adriamycin by 35.4% compared to controls.  Adriamycin

administered alone (0.5 mg/kg/day or 2.0 mg/kg/day) in vivo showed a 20% reduction of tumor

weight versus control, an effect which was enhanced by 2.1-fold (p<0.01) by the addition of

caffeine.  However, there were no significant differences in heart, liver, or tumor adriamycin

concentrations between adriamycin-alone and adriamycin-caffeine administered groups.  The

results suggest that the metabolism of caffeine may weaken its effect as a biochemical modulator.

9.5.1 Bladder

Female Wistar rats pretreated or not pretreated with N-methyl-N-nitrosourea (MNU)

(approximately 1.5 mg) by urethral catheter were given either 0.1% caffeine, the equivalent of 20

mg (0.1 mmol) caffeine/day in drinking water, or coffee (Hicks et al., 1978).  None of the rats

ingesting coffee, alone, developed bladder tumors; however, caffeine-treated rats (20 mg/day; 0.1

mmol/day) had twice the number of MNU-induced tumors compared to rats ingesting caffeine

without MNU-induction.  The results indicate that coffee is not a bladder carcinogen in the rat,

nor does it promote the growth of MNU-induced tumors.  However, caffeine does appear to

have a weak, yet significant (p<0.05), potentiating effect on MNU-initiated rat urothelium.

Female Fischer rats were fed either caffeine (0.1% in feed) alone (40 weeks) or co-

administered N-[4-(5-nitro-1-furyl)-2-thizolyl]-formamide (FANFT) (0.188% in feed for 20

weeks), followed by caffeine alone (0.1% in feed for 20 weeks) (Wang and Hayashida, 1984).
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Caffeine had no effect on bladder carcinogenesis, alone or in combination with FANFT.

Similarly, caffeine (0.102% in the diet), alone or in combination with FANFT (2% in the diet) or

antipyrene (0.535% in the diet), had no effect on the incidence of carcinogen-induced bladder

tumors in male Sprague-Dawley rats (Johansson and Anderstrom, 1988).

9.5.2 Gastrointestinal

Intestinal tumors were induced in male Wistar and male BD6 rats by s.c. administration of

1,2-dimethylhydrazine (DMH) (20 mg/kg/day; 0.1 mmol/kg/day) for 20 consecutive weeks

(Balansky et al., 1992).  Caffeine (600 mg/L; 3.09 mmol/L) administered in the drinking water

starting 7 days prior to administration of DMH had no significant effect on the size or number of

the induced tumors.

Nishikawa et al. (1995) induced gastric adenocarcinomas in male Wistar rats with N-

methyl-N -nitro-N-nitrosoguanidine (MNNG) and sodium chloride.  MNNG is a known gastric

carcinogen and sodium chloride has shown tumor co-initiating effects and tumor-promoting

effects in the rat glandular stomach (Takahashi et al., 1984; cited by Nishikawa et al., 1995).

Lipid peroxidation in the glandular stomach mucosa induced by 4% NaCl ingestion was inhibited

by caffeine.  This supports the hypothesis that caffeine (0.25%, comparable to 40-71 cups of

coffee/day in humans) inhibits the gastric tumor promotion activity of NaCl in rats when

administered during the post-initiation phase.

9.5.3 Liver

Caffeine had no significant protective effect on diethylnitrosamine-induced liver tumors in

rats (Balansky et al., 1994).

9.5.4 Lymphatic System

Caffeine (100 mg/kg; 0.5 mmol/kg) enhanced the potentiating effect of benzo[a]pyrene

(BP) on SJL/J mice infected with the Friend leukemia virus (FLV).  However, caffeine alone or

given in conjunction with FLV did not induce a carcinogenic effect (Raikow et al., 1981).
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9.5.5 Mammary Gland

The effect of chronic caffeine consumption on 7,12-dimethylbenz(a)anthracene (DMBA)

and N-methyl-N-nitrosourea (MNU)-induced mammary gland tumorigenesis was investigated in

female Sprague-Dawley rats (VanderPloeg et al., 1991).  In the initiation study, caffeine (500

mg/mL in drinking water) was administered for 30 days prior to and 3-4 days after carcinogen

treatment.  In the promotion study, caffeine was administered 3-4 days post carcinogen

administration until experiment termination.  Caffeine significantly decreased the number of

carcinomatous and benign mammary tumors when given during the initiation phase in DMBA-

dosed rats.  However, when given during the promotion phase in DMBA-treated rats, no

significant difference was found in the number of carcinomatous tumors, although a significant

decrease in the number of benign tumors was seen.  Caffeine had no effect on carcinomatous or

benign tumors, either in the promotion or initiation phases of MNU-treated rats.

In another study, caffeine (500 mg/mL; 2.57 mmol/L) in drinking water was administered

daily at 3-31 days post-carcinogen treatment to 4 different groups of female Sprague-Dawley

rats, each having a high incidence of benign mammary fibroadenomas:  55 day old virgin rats

(Group I), 53 day old ovariectomized, estrogen-treated virgin rats (Group II), 135 day old virgin

rats (Group III), and 135 day old parous rats (Group IV) (Wolfrom et al., 1991).  Caffeine

treatment significantly reduced the incidence of benign mammary fibroadenomas in Groups I, II,

and III.  The decreased incidence of benign mammary fibroadenomas in Group IV was not

significant.  Caffeine also reduced the incidence of mammary gland cysts in Group II.

9.5.6 Pancreas

Caffeine s effects on the development of N-nitrosobis(2-oxypropyl)-amine (BOP)-

initiated pancreatic tumors was investigated in Syrian hamsters (Nishikawa et al., 1992).  The

multiplicity of pancreatic tumors was significantly higher (p=0.05) in animals receiving 2000
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µg/mL caffeine in drinking water in the post-initiation phase than in controls.

9.5.7 Pulmonary

Several studies relevant to the anticarcinogenic effects of caffeine or methylxanthines on

lung neoplasms were found.  Yun (1991) developed a test system to evaluate the

anticarcinogenicity of natural products on lung tumors induced in NIH(GP) mice by s.c.

administration of benzo[a]pyrene (BP) (0.5 mg).  In this system, caffeine (0.1-1.0 mg; 0.5-5

nmol) in the diet significantly decreased the number of BP-induced lung adenomas in NIH(GP)

mice.  In another study, 1 or 2 mg/day (5 or 10 nmol/day) of caffeine in the diet significantly

reduced the tumorigenic effects of BP (0.5 mg, s.c.) in both male and female N:GP(S) mice (Yun

et al., 1995).

9.5.8 Skin

In a study of urethane-induced skin tumorigenesis, caffeine (100 µg/g; 0.5 µmol/g)

significantly increased papilloma incidence when given 6 hours before initiation with urethane

(topical anthranil treatment serving as the promoter).  When administered 6 hours after urethane

initiation, caffeine showed an inhibitory effect on tumor development.  The results of this study

demonstrate that the timing of caffeine administration in relation to initiation might determine the

direction of its modulating effect (Armuth and Bereblum, 1981).

Huang et al. (1997) investigated the effects of caffeine on UVB light-induced

carcinogenesis in the skin of SKH-1 mice.  Oral administration of caffeine (0.24 or 0.72 mg/mL;

1.2 or 3.7 µmol/mL in water) inhibited tumorigenesis.  Administration of doses (3.0-9.0 mg/mL)

of decaffeinated tea enhanced the tumorigenic effect of UVB light.  Adding caffeine to

decaffeinated teas restored their inhibitory effects on UVB-induced carcinogenesis.
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Table 8.  Modulation of Carcinogenicity

Species, Strain,
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

Ehrlich ascites

carcinoma cells

transplanted onto

the backs of 6 wk

old CDF1 mice

6-7 M per

group

caffeine,

purity n.p.

caffeine:  1, 10,

100 nM (0.2, 1.9,

19.4 ng/mL)

adriamycin (ADR):

10 µg/mL

ADR administered 10,

12, 14, and 16 days

after tumor inoculation;

caffeine administered

11, 13, 15 and 17 days

after inoculation,

observation period n.p.

Caffeine inhibited the efflux of adriamycin from

cultured Ehrlich ascites carcinoma cells.  These

results, together with the results of the in vivo
study, suggest the effect of caffeine on intracellular

adriamycin concentrations may be related to its

enhancement of adriamycin antitumor activity.

Sadzuka et

al. (1995a)

Ehrlich ascites

carcinoma cells

transplanted onto

the backs of 6 wk

old CDF1 mice

10 M per

group

caffeine,

purity n.p.

caffeine:  10

mg/kg/day

ADR:  2

mg/kg/day

4 day exposure,

observation period n.p.

No effect on adriamycin influx; decrease in

adriamycin concentration in cells; after 180 min

caffeine inhibited efflux of adriamycin by 35.4%.

Sadzuka et

al. (1995b)

9.5.1 Bladder

Rats, Wistar, 6-8

wk

Group 1: 48 F

Group 2: 87 F

Group 3: 38 F

Group 4: 58 F

Group 5: F, #

     n.p.

Group 6: 32 F

caffeine and

coffee,

purities n.p.

MNU: ~1.5 mg

Coffee:  ~20

mL/rat/day

Caffeine:  ~20 mg

(0.1 mmol/rat/day)

Dose schedule:

Group 1: controls

fed standard diet

Group 2: MNU

Group 3: Coffee

Group 4: MNU and

     Coffee

Group 5: Caffeine

Group 6: MNU and

     Caffeine

2 year study duration No tumors in groups 1 and 3; 15/81 tumors in

group 2; 15/55 tumors in group 4; 11/25 tumors

in group 6.  No results were given for Group 5.

None of the rats ingesting coffee (the equivalent of

15-20 mg of caffeine/day), alone or with MNU

pretreatment, developed bladder tumors.  However,

treating rats with caffeine (20 mg/day) doubled the

rate of MNU tumor induction.  The results indicate

that coffee is not a bladder carcinogen for the rat,

nor does it promote the growth of MNU-induced

tumors, despite its high caffeine content.

However, caffeine, appears to have a weak, but

significant (p=0.05) potentiating effect on MNU-

initiated rat urothelial tumors.

Hicks et al.

(1978)

Table 8.  Modulation of Carcinogenicity (Continued)
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Species, Strain
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

Rats, Fischer

344, age n.p.

Group 1: 15 F

Group 2: 47 F

Group 3: 12 F

Group 4: 15 F

caffeine,

purity n.p.

Group 1: control

diet

Group 2:  0.188%

FANFT in feed for

40 wk

Group 3:  0.1%

caffeine in feed for

40 wk

Group 4:  0.1%

caffeine in feed

coadministered

with 0.188%

FANFT in feed for

20 wk followed by

0.1% caffeine alone

in feed for 20 wk

20-40 week exposure,

observation period n.p.

Group 2 had 8 carcinomas (17%).  Group 4 had 10

carcinomas (20%).  Groups 1 and 3 had no

carcinomas.

Caffeine had no effect on bladder carcinogenesis,

alone or in combination with FANFT.

Wang and

Hayashida

(1984)

Rats, SPF

Sprague-Dawley,

6 wk

Group 1: 30 M

Group 2: 28 M

Group 3: 27 M

Group 4: 26 M

Group 5: 28 M

caffeine,

purity n.p.

Group 1: control

diet

Group 2:  2%

FANFT in feed for

5 wk, followed by

88 wk exposure,

observation period n.p.

Group 3, the only group with any tumors, had

10/27 rats develop urinary tract tumors (37%), 5

renal pelvic tumors, and 5 urinary bladder tumors.

Caffeine had no effect on bladder carcinogenesis,

Johansson

and

Anderstrom

(1988)



DRAFT TOXICOLOGICAL SUMMARY FOR CAFFEINE 1/99

IIIILLLLSSSS   Integrated Laboratory Systems 58

Table 8.  Modulation of Carcinogenicity (Continued)

Species, Strain
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

Group 6: 28 M control diet

Group 3:  2%

FANFT in feed for

5 wk, followed by

0.535% antipyrene

in the diet

Group 4:  0.535%

antipyrene in the

diet

Group 5:  0.102%

caffeine in the diet.

Group 6:  0.535%

antipyrene and

0.102% caffeine in

the diet.

alone or in combination with FANFT or

antipyrene.

9.5.2 Gastrointestinal

Rats, Wistar and

BD6, 8-12 wk

180 M caffeine,

purity n.p.

600 mg/L in the

drinking water

starting 7 days

prior to administra-

tion of 1,2-

dimethylhydrazine

(DMH)

20 wk exposure, rats

sacrificed at 35 wk

Caffeine had no significant effect on the size or

number of the induced tumors.  Intestinal tumors

were induced by s.c. administration of DMH for

20 consecutive weeks.  Control groups of untreated

rats were not included in this study.

Balansky et

al. (1992)

Rats, Wistar, 5

wk
120 M caffeine,

>98.5% pure

NaCl,

>99.5% pure

100 ppm MNNG

and 5% NaCl in

drinking water

(initiation)

Group 1: 0.25%

caffeine in water

and 5% NaCl in

initiation:  8 wk

post-initiation:  32 wk
Group 1 showed lowest body weight; incidence of

adenocarcinomas in pyloric area significantly lower

in group 1 compared to group 2, atypical

hyperplasias in the fundic area were lower in group

1 than group 2.  Group 3 showed no evidence of

modulation of glandular stomach tumor

development.

Nishikawa et

al. (1995)
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Table 8.  Modulation of Carcinogenicity (Continued)

Species, Strain
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

food

Group 2: 5% NaCl

in food

Group 3: 0.25 %

caffeine

9.5.3 Liver
Rats, BD6, adult,

age n.p.

30-42 F per

group

caffeine,

purity n.p.

diethyl-

nitrosamine,

purity n.p.

caffeine:  300 or

600 mg/L orally

diethylnitrosamine

80 mg/kg i.p.

5-9 wk exposure,

observation period n.p.

Caffeine had no significant effect on

diethylnitrosamine-induced liver tumors.

Balansky et

al. (1994)

9.5.4 Lymphatic System
FLV-infected

mice, SJL/J, 10

wk

~ 138 F caffeine,

purity n.p.

benzo[a]-

pyrene (BP),

purity n.p.

caffeine:  100

mg/kg (0.5

mmol/kg)

BP:  500 µg/mL

i.p.

single i.p. injection of

caffeine, 300 day study

period

Caffeine enhanced the potentiating effect of BP in

SJL/J mice infected with FLV.  However, caffeine

alone or given in conjunction with FLV did not

cause any carcinogenicity.

Raikow et al.

(1981)

9.5.5 Mammary Gland

Rats, Sprague-

Dawley, 55 d.o.

Initiation

stage:

Control: 73 F,

Caffeine: 70 F

Promotion

stage: Control:

72 F, Caffeine:

62 F

caffeine,

purity n.p.

DMBA,

purity n.p.

MNU, purity

n.p.

caffeine:  500

mg/mL (2.57

mmol/L) in

drinking water

DMBA:  0.5

mg/100 g bw

MNU:  2.5 mg/

100 g bw

Initiation:  caffeine

given 30 days prior to

and 3-4 days after

carcinogen injection

Promotion:  caffeine

given 3-4 days post

carcinogen

administration until

Caffeine significantly decreased the number of

carcinomatous and benign mammary tumors in

initiation phase in DMBA-dosed rats.  However,

in the promotion phase, no significant difference

was seen in the number of carcinomatous tumors,

and a significant decrease in the number of benign

tumors occurred.  Caffeine had no effect on

carcinomatous or benign tumors, either in the

promotion or initiation phases of MNU-treated

VanderPloeg

et al. (1991)
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Table 8.  Modulation of Carcinogenicity (Continued)

Species, Strain
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

study termination, 48

week study period

rats.

Rats, Sprague-

Dawley with

elevated incidence

of benign

mammary

fibroadenomas:

Group 1: 55 d.o.

virgin rats

Group 2:  53 d.o.

ovariectomized,

estrogen-treated,

135 d.o. virgin

rats  

Group 3:  35 d.o.

virgin rats,

Group 4:  35 d.o.

parous rats

F, number n.p. caffeine,

purity n.p.

DMBA,

purity n.p.

caffeine:  500

mg/mL (2.57

mmol/L) in

drinking water

DMBA:  20

mg/mL i.g.

Daily at 3-31 days

post-treatment with

DMBA, 56 week study

period

Caffeine treatment significantly reduced the

incidence of benign mammary fibroadenomas in

Groups 1, 2, and 3.  Reduced incidence of benign

mammary fibroadenomas in Group 4 was not

significant.  Caffeine also reduced the incidence of

mammary gland cysts in Group 2.

Wolfrom et

al. (1991)

9.5.6 Pancreas
Hamsters, Syrian,

6 wk

270 F caffeine,

98.5% pure

BOP, purity

n.p.

caffeine:  2000

µg/mL (10.30 mM)

in drinking water

BOP:  10 mg/kg

s.c.

40 wk exposure period,

animals sacrificed at 40

wk

The multiplicity of pancreatic tumors was

significantly higher in animals receiving caffeine in

the post-initiation phase than in controls.

Nishikawa et

al. (1992)

9.5.7 Pulmonary System

Mice, newborn

NIH(GP)

80/group; sex

n.p.

caffeine,

purity n.p.

BP, purity

caffeine:  0.1-1

mg/day (0.5-5

nmol/day) in the

BP injection within 24

h after birth, 9 wk

exposure to caffeine,

47% of mice given 0.5 mg/kg BP s.c. developed

pulmonary adenomas after 9 wk.  Caffeine

significantly reduced the number of BP-induced

lung adenomas.

Yun (1991)
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Table 8.  Modulation of Carcinogenicity (Continued)

Species, Strain
and Age

Number and
Sex

Chemical
Form and

Purity

Dose Exposure/
Observation Period

Results/Comments Reference

n.p. diet

BP:  0.5 mg/kg

s.c.

observation period n.p.

Mice, newborn

A/J and N:GP(S)

60-80 M and F

per group

caffeine,

purity n.p.

BP, purity

n.p.

caffeine:  1 or 2

mg/day (5 or 10

nmol/day) in the

diet

BP:  0.5 and 1.0

mg s.c.

BP injection within 24

h after birth, 6 wk

exposure to caffeine,

mice sacrificed after 9

wk

42% of mice administered 0.5 mg/kg BP s.c.

developed pulmonary adenomas.  Caffeine reduced

the percentage of BP-induced lung tumors by half.

Caffeine alone induced no lung tumors.

Yun et al.

(1995)

9.5.8 Skin

Mice, ICR , 6-8

wk
390 F caffeine,

purity n.p.;

100 µg/g (0.5

µmol/g); urethane

as initiator;

anthranil as

promoter

45 wk from beginning

to promotion
Caffeine increased papilloma incidence when given

6 h before initiation (tumor incidence was

augmented by 60%); inhibited tumorigenesis when

given 6 h after initiation (tumor incidence

decreased 23%).

Armuth and

Berenblum

(1981)

Mice, SKH-1

hairless, 6-7 wk
90 F (3 groups

of 30)

caffeine,

>99% pure

caffeine:  0.24 or

0.72 mg/mL (1.2

or 3.7 µmol/mL)

UVB light:  30

mJ/cm
2
 twice/wk

35 wk exposure,

animals sacrificed at 39

wk

Number of UVB-induced tumors per mouse was

decreased by 53% (0.24 mg/mL) and 61% (0.72

mg/mL) 35 wk after induction with UVB light.

Huang et al.

(1997)

Abbreviations:  n.p. = not provided; bw = body weight; h = hour(s); s.c. = subcutaneous injection; i.v. = intravenous injection; i.g. = intragastrically; d.o. = day(s)

old; BP = benzo[a]pyrene; DMBA = 7,12-dimethylbenz(a)anthracene; DMH = 1,2-dimethylhydrazine; MNNG = N-methyl-N -nitro-N-nitrosoguanidine; M = male;

F = female; wk = week(s); FANFT = N-[4-(5-nitro-1-furyl)-2-thizolyl]-formamide; MNU = N-methyl-N-nitrosourea; BOP = N-nitrosobis(2-oxypropyl)amine; wk =

week(s); FLV = Friend leukemia virus.
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9.6 Genotoxicity of Caffeine

In the following sections, a brief review of the published information on the genotoxicity

of caffeine is provided.  Information on the genotoxicity of caffeine published prior to 1991 was

reviewed by IARC (1991), literature published between 1987-1993 was reviewed by

D Ambrosio (1994).  In addition to information summarized from these reviews, a detailed

review is provided for articles published after 1990 that are not included in the D Ambrosio

paper.

9.6.1 Studies Reviewed by IARC (1991)

Prior to 1991, caffeine had been extensively studied for genotoxicity using a variety of

acellular, bacterial, plant, in vitro mammalian cell, and in vivo test systems.  Almost all in vitro

tests, with the exception of Salmonella typhimurium gene mutation assays, were conducted in the

absence of exogenous metabolic activation only.  As reviewed by IARC (1991), caffeine was

positive for differential toxicity in Escherichia coli (DeFlora et al., 1984a; cited by IARC, 1991)

but gave inconclusive results in the Bacillus subtilis rec assay (Kada et al., 1972; cited by IARC,

1991).  Various strains of S. typhimurium, both those that mutate via base substitution and those

that mutate via frameshift, were tested with and without exogenous metabolic activation; all

results were negative (for example, see King et al., 1979; De Flora et al., 1984a, Dunkel et al.,

1985; Mortelmans et al., 1986; Heddle and Bruce, 1977; all cited by IARC, 1991).  In the S.

typhimurium studies, the highest dose of caffeine tested was 5,000 g/plate (25.75 µM/plate)

(Mortelmans et al., 1986; cited by IARC, 1991).  Mutation studies using E. coli were typically

but not exclusively negative (King et al., 1979; Demerec et al., 1951; Dunkel et al., 1985; all cited

by IARC, 1991); however, caffeine induced lac
-
 reversion in E. coli K12 ND160 cells in the

absence of metabolic activation (Clarke and Wade, 1975; cited by IARC, 1991).

Increased mitotic gene conversion and decreased meiotic recombination were induced in

Schizosaccharomyces pombe (Loprieno et al., 1974; cited by IARC, 1991), while aneuploidy was

induced in Saccharomyces cerevisiae (Parry et al., 1979; cited by IARC, 1991).
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The induction of chromosomal aberrations by caffeine were reported for several plant test

systems (for example, Kihlman et al., 1971a; Kesavan et al., 1973; Osiecka, 1976; all cited by

IARC, 1991).

Numerous studies evaluated the effects of caffeine in Drosophila melanogaster, with

conflicting results.  Most tests for the induction of sex-linked recessive lethal (SLRL) mutations

were negative (i.e., Clark and Clark, 1968; cited by IARC, 1991).  However, two positive studies

were reported, one in which larvae were treated (Ostertag and Haake, 1966; cited by IARC,

1991) and the other in which females were treated rather than males (Shakarnis, 1970; cited by

IARC, 1991).  Results from aneuploidy studies using D. melanogaster were also discordant, with

studies investigating XO males mostly positive, and those evaluating for XXY females negative.

In cultured Chinese hamster cells, caffeine did not induce DNA single-strand breaks

(SSB), unscheduled DNA synthesis (UDS), sister chromatid exchanges (SCE) (Swenberg, 1981;

Casto et al., 1976; Kato, 1973; Palitti and Becchetti, 1977; Bowden et al., 1979; Speit, 1986; all

cited by IARC, 1991), or gene mutations (hprt, tk, ouabain resistance) (Arlett and Harcourt,

1972; Amacher and Zelljadt, 1984; Trosko and Chu, 1971; Chang et al., 1977; Bowden et al.,

1977; Amacher et al., 1980; all cited by IARC, 1991).  In contrast, caffeine induced SCE in

cultured human fibroblasts (Sasaki, 1977) and mitogen-stimulated human blood lymphocytes

(Pant et al., 1976; Guglielmi et al., 1982; Andriadzee et al., 1986; Tohda and Oikawa, 1988; all

cited by IARC, 1991).  In the human blood lymphocyte study conducted by Guglielmi et al.

(1982; cited by IARC, 1991), the induction of SCE occurred only when caffeine was present

during cell proliferation and the shape of the dose response curve was consistent with caffeine

interfering with DNA synthesis rather than interacting directly with DNA.  Induction of

chromosomal aberrations was frequently reported for cultured hamster cells (Kihlman et al.,

1971a; Palitti et al., 1974; Sturelid, 1976; all cited by IARC, 1991) and for mitogen-stimulated

human lymphocytes treated in vitro (Lee, 1971; Weinstein et al., 1972; Ceccherini et al., 1988;

Ostertag et al., 1965; all cited by IARC, 1991).

In vivo in mammals, caffeine did not induce chromosomal aberrations, and the majority of

results from micronucleus tests were negative.  However, Aeschbacher et al. (1986; cited by
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IARC, 1991) reported increased frequencies of micronucleated bone marrow cells in Chinese

hamsters and Swiss CD-1 mice after oral administration of caffeine at LD50 dose levels.  The

frequency of SCE were increased in bone marrow cells by oral administration to Chinese

hamsters (Basler et al., 1979; Renner, 1982; Aeschbacher et al., 1986; all cited by IARC, 1991)

and mice (Panigrahi and Rao, 1983; cited by IARC, 1991).  Numerous tests for induction of

dominant lethal mutations in germ cells of male mice treated with caffeine via gavage, drinking

water, or i.p. injection were negative (Lyon et al., 1962; Epstein and Shafner, 1968; Adler, 1969;

Epstein et al., 1970; Rohrborn, 1972; Thayer and Kensler, 1973; Aeschbacher et al., 1978; all

cited by IARC, 1991).

Two in vivo human studies were included in the IARC review.  Caffeine intake was not

associated with increased levels of chromosomal aberrations in human blood lymphocytes

(Weinstein et al., 1972; cited by IARC, 1991).  However, an increased frequency of

micronucleated erythrocytes was reported for splenectomized humans who drank coffee and tea

resulting in a total caffeine intake equivalent to drinking 5 cups of coffee per day (Smith et al.,

1990; cited by IARC, 1991).

9.6.2 Studies Reviewed by D Ambrosio (1994)

D Ambrosio (1994) conducted an extensive review of published genotoxicity data on

caffeine, covering the period from approximately 1987 through 1992, and overlapping with the

more recent entries in the IARC review.  Included in this review were test systems utilizing

prokaryotic, in vitro eukaryotic, and in vivo mammalian systems.  The genotoxic endpoints

analyzed included structural chromosomal aberrations, micronuclei, and SCE.  In general, the

results reported in this review support the conclusions by IARC (1991) that caffeine is generally

nonmutagenic in bacteria or mammalian cells, but clastogenic in proliferating eukaryote cells in

vitro.  In vivo genetic effects were mostly evaluated in studies testing caffeine in conjunction with

other genotoxins, and exposures in human studies were not well controlled or defined.  For

example, caffeine (150 mg/kg four times/day) induced MN-PCE in folate-deficient mice but not in

healthy mice (MacGregor et al., 1990; cited by D Ambrosio, 1994).  Everson et al. (1988; cited
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by D Ambrosio, 1994) reported that pregnant women who smoked and consumed more than 14

caffeinated beverages per week had significantly higher amounts of a specific adduct in placental

DNA compared to pregnant smokers who did not consume caffeinated beverages.  Chen et al.

(1989; cited by D Ambrosio, 1994) reported a positive correlation between coffee consumption

and structural chromosomal damage in mitogen-stimulated blood lymphocytes of individuals

drinking more than 4 cups of coffee daily.

9.6.3 Review of Recent Literature

The details of these studies are presented in Table 9.

9.6.3.1 Acellular Systems

Caffeine induced DNA SSB, double-strand breaks (DSB), and DNA-protein crosslinks in

isolated L1210 cell nuclei, and it inhibited the formation of DSB induced by the topoisomerase II

inhibitor ellipticine (Russo et al., 1991).

9.6.3.2 Lower Eukaryotes

In the Drosophila white-ivory eye spot test, caffeine administered by feeding for 48

hours to 2 day-old larvae was non-recombinogenic, although a weak response was detected in the

somatic mutation and recombination test (SMART) when caffeine was fed to 3-day old larvae

(Graf and Wurgler, 1996).  These results are in agreement with earlier Drosophila tests in which

it was concluded that caffeine was a weak genotoxin (Graf and Wurgler, 1986; cited by Graf and

Wurgler, 1996).

9.6.3.3 In Vitro Mammalian Systems

Further evidence of the ability of caffeine to induce chromosomal damage in vitro was

provided by Glover et al. (1992, abstract) who showed that caffeine induced large scale deletions

in the TK gene region in mouse L5178Y cells in the absence of S9.  Caffeine was negative for

fragile-X induction but positive for induction of common fragile sites in human blood
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lymphocytes (Glover et al., 1986).  Caffeine, in the absence of metabolic activation, induced

fragile site expression (Yunis et al., 1987; Fundia et al., 1996; Wenger, 1995) and chromosomal

aberrations but not SCE (Wenger, 1995) in human blood lymphocytes .  In contrast, Curry et al.

(1992, abstract), in a brief abstract, reported that caffeine without metabolic activation, at

concentrations up 50 mM (9.7 mg/mL), did not increase the frequency of micronucleated monkey

kidney cells in vitro.

9.6.3.4 In Vivo Mammalian Systems

Caffeine, 150 mg/kg (0.772 mmol/kg) administered i.p. to female mice, had no significant

effect on the frequency of aneuploidy (compared to controls) or structural chromosomal

aberrations in mouse oocytes, or on oocyte maturation (Mailhes et al., 1996).

9.6.3.5 Human Studies

Although clastogenic effects are easily demonstrated in vitro, human population studies

are in conflict on the association between caffeine intake (measured as coffee drinking or

caffeinated beverage consumption, both of which can be highly variable and inaccurate measures)

and increased levels of chromosomal or DNA damage.  Robbins et al. (1997) reported a

significant correlation between caffeine intake and aneuploidy in sperm of healthy men aged 19-

35 years, while caffeine intake was not associated with an increased frequency of 6-thioguanine

mutations in lymphocytes of healthy men and women, aged 20-60 years (Davies et al., 1992).

No significant relationship between caffeine intake and mutant frequency at the hprt locus in T-

lymphocytes was seen in women with benign and malignant breast masses compared to healthy

women (Branda et al., 1992).
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Table 9.  Genotoxicity of Caffeine
Test System or

Species, strain, and
Age

Biological Endpoint – S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

9.6.3.1 Acellular Systems
Isolated L1210 cell

nuclei

single and double strand

DNA breaks (SSB and

DSB, respectively)

- caffeine, purity

n.p.

0.1-10,000 µM

(0.02-1942 µg/mL)

for 30 min at 22°C

positive Russo et al.

(1991)

9.6.3.2 Lower Eukaryotes
Drosophila
melanogaster, white-

ivory eye spot test

somatic recombination (eye

spots)

NA caffeine, purity

n.p.

5, 10, and 20 mM

(1, 1.9, 3.9 mg/mL)

in feed to 2 day old

larvae for 72 h

negative Graf and Wurgler

(1996)

D. melanogaster,

somatic mutation and

recombination test

(SMART)

somatic recombination and

mutation (wing spots)

NA caffeine, purity

n.p.

10 and 30 mM (1.9

and 5.8 mg/mL) in

feed to 3 day old

larvae for 48 h

weakly positive Graf and Wurgler

(1996)

9.6.3.3 In Vitro Mammalian Systems
Mouse L5178Y

lymphoma cells

deletions in the tk
+/- 

region - caffeine, purity

n.p.

n.p. large scale deletions in the tk
+

region

Glover et al.

(1992, abstract)

Human blood

lymphocytes (fragile-

X patients)

fragile site expression - caffeine, purity

n.p.

2.2 and 2.5 mM

(0.43 and 0.49

mg/mL) for 3 or 6

hours prior to

harvest

Negative for fragile-X

induction but positive for

induction of common fragile

sites.

Total number of

chromosomal lesions

(gaps + breaks) was

significantly increased by

caffeine.

Glover et al.

(1986)

Human blood

lymphocytes

fragile site expression - caffeine, purity

n.p.

2.2 and 2.5 mM

(0.43 and 0.49

mg/mL) for 3 or 6

hours prior to

harvest

positive Yunis et al.

(1987)

Human blood

lymphocytes

fragile site expression - caffeine, purity

n.p.

2.2 mM (0.43

mg/mL) 6 hours

prior to harvest

positive Fundia et al.

(1996)
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Table 9.  Genotoxicity of Caffeine (Continued)
Test System or

Species, strain, and
Age

Biological Endpoint – S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

Human blood

lymphocytes

fragile site expression,

SCE, chromosomal

aberrations

- caffeine, purity

n.p.

2.2 mM (0.43

mg/mL) 6 hours

prior to cell harvest

Negative for SCE; positive for

CA and fragile sites

50% of CA were induced

at fragile cites

Wenger (1995)

Monkey kidney cells Micronucleated binucleated

(MN-BN) cells

NA caffeine, purity

n.p.

10 to 50 mM (1.9 to

9.7 mg/mL)

negative Curry et al.

(1992, abstract)

9.6.3.4 In Vivo Mammalian Systems
Superovulated female

ICR mice, 8-12 wk

old

Aneuploidy in metaphase II

oocytes

NA caffeine, purity

n.p.

150 mg/kg (0.772

mmol/kg) i.p. at

several intervals

prior to metaphase I

Negative for induction of

aneuploidy (hyperploidy); no

structural aberrations observed.

Oocyte maturation was

normal.  The negative

effect may reflect the

inability of caffeine to get

to the ovaries.

Mailhes et al.

(1996)

9.6.3.5 Human Studies
Healthy men (45, 19-

35 y.o.)

Aneuploidy in sperm,

detected using FISH

NA caffeine, purity

n.p.

caffeine dose

calculated from

dietary data

positive correlation Caffeine intake was

significantly associated

with increased frequencies

of aneuploidy for

chromosomes X, Y, and

18.

Robbins et al.

(1997)

Healthy men (21, 22-

60 y.o.) and women

(20, 20-55 y.o.)

6-thioguanine mutations in

blood lymphocytes

NA coffee n.p. No significant increase in 6-

thioguanine mutations in

coffee drinkers.

Davies et al.

(1992)

Healthy women (6,

average age 44.7

y.o.) and women

mutation at the hprt locus

in blood lymphocytes

NA coffee, details

n.p.

caffeine dose

calculated from

estimated coffee

No significant relationship

between coffee intake and

mutant frequency for women

Branda et al.

(1992)
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Table 9.  Genotoxicity of Caffeine (Continued)
Test System or

Species, strain, and
Age

Biological Endpoint – S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

with benign (52,

average age 45.8

y.o.) and malignant

breast masses (49,

average age 50.2

y.o.)

intake with benign or malignant

breast masses.

Abbreviations:  n.p. = not provided; NA = not applicable; DMSO = dimethyl sulfoxide; FISH = fluorescence in situ hybridization; SCE = sister chromatid exchanges;

CA = chromosome aberration(s); MN-BN = micronucleated binucleated; SMART = somatic mutation and recombination test; wk = week(s); min = minute(s); y.o. =

years old.
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9.7 Modulation of Genotoxicity

The details of studies discussed in this section are presented in Table 10.

9.7.1   Prokaryotes

In S. typhimurium strains TA98 and TA100, the antimutagenic activity of various

tea extracts to some mutagens (e.g., 3-amino-1,4-dimethyl-5H-pyrido(4,3-b)indole (Trp-

P-1) were well correlated with the content of caffeine (Yen and Chen, 1996).  Caffeine (up

to 10 mol/plate (1.9 mg/plate)) did not reduce the mutagenic activity of either 4-

nitroquinoline 1-oxide (4NQO) when tested without metabolic activation in S.

typhimurium strain TA100 or mainstream cigarette smoke with metabolic activation in

strain TA98 (Camoirano et al., 1994).  However, when co-administered (1 or 2 mM; 0.2

or 0.4 mg/mL) or administered after treatment (0.8 mg/plate; 4 mol/plate) with N-

methyl-N’-nitro-N-nitrosoguanidine (MNNG) or N-methyl-N-nitrosourea (MNU) to S.

typhimurium strain TA1535, caffeine markedly reduced the mutagenicity of both

compounds; post-treatment was not as effective as co-treatment (Balansky, 1992).

Caffeine at 0.5 mM (0.1 mg/mL), without metabolic activation, markedly

enhanced the ability of MNNG to induce mutants in S. typhimurium strain TA1535

(Balansky, 1992).

9.7.2 Eukaryotes

In the yeast S. cerevisiae D5, the addition of caffeine (7.7 mM; 1.5 mg/mL) with

the antitumor agent DACA (N-[(2-dimethylamino)ethyl]acridine-4-carboxamide) caused a

significant decrease in the incidence of all types of mutations in yeast colonies (aberrant

colonies) (Ferguson et al., 1993).  At a higher concentration, caffeine (20 mM; 3.9 mg/mL)

inhibited the induction of chromosomal aberrations by camptothecin in Vicia faba root tip

cells (Kihlman and Andersson, 1992).
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Caffeine (5 mM; 1 mg/mL) synergistically enhanced the frequency of

chromosomal aberrations induced by camptothecin in Vicia faba root tip cells (Kihlman

and Andersson, 1992).

9.7.3 In Vitro Mammalian Systems

DNA Damage:  Treatment of AL human-hamster hybrid cells with caffeine (1.5 mg/mL;

7.7 mM) for 16 hours (sufficient to reduce cell plating efficiency by 20%) synergistically

enhanced the extent of ionizing radiation-induced DNA base pair deletions (McGuinness

et al., 1995).  Caffeine (10 mM; 1.9 mg/mL) was equally potent in enhancing

t-butylhydroperoxide-induced DNA SSB in both oxygen-proficient and oxygen-deficient

human myeloid leukemia U937 cells (Guidarelli et al., 1997).  In human blood

lymphocytes, caffeine (120 g/mL; 0.618 mM) in combination with chlorpromazine

synergistically enhanced of the induction of SCE by adriamycin (Lialiaris et al., 1992).

Chromosomal Damage:  When present in complete medium, caffeine (2.5 mM; 0.49

mg/mL) potentiated the expression of fragile sites by 4’,6-diamidino-2-phenyl-indole in

cultured human peripheral blood lymphocytes (Pelliccia and Rocchi, 1992).  Caffeine (1

mM; 0.2 mg/mL) failed to potentiate the clastogenicity of mitoxantrone, an inhibitor of

DNA synthesis, in the same test system (das Gra as Medeiros and Takahashi, 1994).

The effect of caffeine on the induction of chromosomal aberrations in X-irradiated

normal human lymphoblastoid cell lines (RM341) and ataxia telangiectasia (AT) cells

with intermediate radiosensitivity (AT9RM, AT10RM, and AT11RM) and classical

radiosensitivity (AT8RM) was investigated by Antoccia et al. (1995).  Caffeine (5 mM; 1

mg/mL) increased the frequency of chromosomal aberrations in RM341 and AT11RM

cells (approximately 3-fold), moderately in AT9RM and AT10RM cells (1.6- and 1.8-

fold, respectively), and weakly in AT8RM cells (1.3-fold).  The damage produced by

caffeine was similar to that of inhibitors of DNA polymerases and ribonucleotide

reductase, indicating that caffeine may inhibit double-strand breakage repair.  In a

subsequent related study, caffeine (1 mM; 0.2 mg/mL) synergistically enhanced the
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clastogenicity of ionizing radiation in normal and AT heterozygous human

lymphoblastoid cells but not in AT homozygous lymphoblastoid cells (Bebb et al.,

1998).  Cells from AT patients prematurely pass through cell cycle checkpoints

preventing the repair of DNA damage prior to entering a critical phase of cell division.

The inability of caffeine to enhance the clastogenicity of ionizing radiation in AT cells

supports a conclusion that caffeine interferes with these checkpoints in normal cells.

Caffeine (5 mM; 1 mg/mL), applied during G2 after irradiation, synergistically

enhanced the clastogenicity of X-rays when mitogen-stimulated lymphocytes from

patients with the Nijmegen breakage syndrome (NBS) were used; carriers for the

syndrome showed no such effect (Pincheira et al., 1998).  In a related study, caffeine (5

mM; 1 mg/mL) enhanced radiation-induced chromosomal aberrations to a greater extent in

RM341 cells than in NBS cells (line 1548) and AT cells, indicating an altered DNA repair

pathway (Antoccia et al., 1997).

In vitro, in mouse zygotes, enhancement of chromosomal aberrations was also

observed with caffeine (1, 2 mM; 0.2, 0.4 mg/mL), more when cells were irradiated in G2

than in S phase (Matsuda and Tobari, 1995).  In cultured Chinese hamster ovary (CHO)

cells, caffeine (0.09-0.752 mg/mL; 0.5-3.87 mM) showed a dose-dependent potentiating

effect on chromosomal aberrations induced by triphenyltin (Sasaki et al., 1994).

Micronuclei:  In cultured monkey kidney cells, co-administration of caffeine (10-50 mM;

1.9-9.7 mg/mL) inhibited the induction of micronuclei (MN) by either ciprofloxacin

(CIPRO) or PD 124816-2 (quinoline antiinfective drugs) (Curry et al., 1992, abstract).

The investigators postulated that caffeine produced this effect through interference with

the topoisomerase inhibiting effects of the quinolines.  In metabolically competent human

hepatoma cells, post-treatment with caffeine (0.185-500 g/mL; 0.953-2570 M) reduced

by up to 75% the induction of MN by 2-amino-3-methylimidazo-[3,4-f]quinoline (IQ)

(Sanyal et al., 1997).  This reduction occurred also with other heterocyclic amines [e.g., 2-

amino-3,8-dimethyl-imidazo-[4,5-f]quinoxaline (MeIQx), Trp-P-1].
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Mutations:  In cultured V79 Chinese hamster cells, caffeine (1 mM; 0.2 mg/mL) increased

the yield of methotrexate-resistant colonies (Roy et al., 1993).  Post-treatment of 
137

Cs γ-

radiation-irradiated AL human-hamster hybrid cells doubled the slope of the dose-

response curve for the induction of S1
-
 mutants, compared to irradiated cells alone

(McGuinness et al., 1995).  The majority of the induced mutations (73-85%) involved

large deletions, which were rare in cells exposed to radiation only (1/63=1.5%).  Thus,

treatment with caffeine after irradiation altered both the quantity and quality of γ-

radiation-induced mutations.

9.7.4 In Vivo Mammalian Systems

Administration of caffeine, either acutely by i.p. injection (5 and 15 mg/kg bw;

0.03 and 0.077 mmol/kg bw) or chronically via drinking water for 5 weeks (4.208 and

0.772 mM; 0.8172 and 0.150 mg/mL) to mice prior to whole-body gamma-irradiation (1.5

Gy 
60

Co γ-rays) decreased the frequency of radiation-induced chromosomal aberrations in

bone marrow cells (Farooqi and Kesavan, 1992); the chronic caffeine pre-treatment was

more effective than the acute pre-treatment.  Intraperitoneal injection of caffeine (5, 15

mg/kg bw; 0.03, 0.077 mmol/kg bw) immediately post-irradiation also decreased the

frequency of chromosomal aberrations induced by γ-rays, with the higher concentration

providing more radioprotection.

In a host-mediated assay using S. typhimurium strain TA98 in female BALB/c

mice, an average daily intake of 28 mg/kg bw (0.14 mmol/kg bw) caffeine for a month

decreased the mutagenic activity of an oral dose of MeIQx (Alldrick et al., 1995).  Based

on in vitro data, the investigators postulated that the decrease reflected the ability of

caffeine to inhibit the hepatic activation of MeIQx to a mutagen.

Caffeine (120 mg/kg; 0.618 mmol/kg), administered i.p. to mice in combination

with chlorpromazine, enhanced the induction of SCE by adriamycin in inoculated Ehrlich

ascites cells (Lialiaris et al., 1992).
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Table 10.  Modulation of Genotoxicity

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form,
Purity

Dose Endpoint Response Comments Reference

9.10.1  Prokaryotes

S. typhimurium strains

TA98 and TA100

his gene mutations

induced by 4NQO in

TA100 and cigarette

smoke in TA98

-TA100

+TA98

caffeine,

purity n.p.,

plus 4NQO or

cigarette

smoke

caffeine:  0.33,

1.0, 3.3, 10

mol/plate

(0.064, 0.19, 0.64,

1.9 mg/plate)

4NQO:  2

nmol/plate

cigarette smoke:

360 mL

No inhibition or enhance-

ment.

Positive response was

defined as a 50%

inhibition of agent-

induced mutagenicity.

Camoirano et al.

(1994)

S. typhimurium strain

TA1535

his 
gene mutations - caffeine,

purity n.p.,

plus MNNG or

MNU

caffeine:  1, 2 mM

(0.2, 0.4 mg/mL)

MNNG:  0.0148

or 0.0166 mM

MNU:  3.0 mM

Up to 75% reduction in

mutagenicity for both

compounds.

Test system was pre-

treatment of bacteria with

caffeine.

Balansky (1992)

caffeine:  0.8

mg/plate (4

mol/plate)

MNNG:  0.0166

mM

MNU:  2.5 mM

Up to 18.6% decrease in

mutagenicity of MNNG.

Up to 38.1% decrease in

mutagenicity of MNU.

Test system was post-

treatment of bacteria with

caffeine.

caffeine:  0.5 mM

(0.1 mg/mL)

MNNG:  0.0148

mM

An almost 4-fold

enhancement of

mutagenicity of MNNG.

Bacteria pre-treated with

sodium selenite or

caffeine as modulators.
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Table 10.  Modulation of Genotoxicity (Continued)

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

9.10.2  Eukaryotes

S. cerevisiae D5 and

related BK strain series

Gene mutations - caffeine, purity

n.p., plus DACA

caffeine:  7.7 mM

(1.5 mg/mL)

DACA:  up to 1500

M

Significant decrease in

DACA-induced mutations.

Ferguson et al.

(1993)

Vicia faba root tip

cells

Chromosomal

aberrations

- caffeine, purity

n.p., plus

camptothecin

caffeine:  5, 10, 20

mM (1, 1.9, 3.9

mg/mL)

camptothecin:

0.05 M

Significant reduction in

camptothecin-induced

damage at 20 mM.

Enhancement occurred at

5 mM.

Kihlman and

Andersson (1992)

9.10.3  In Vitro Mammalian Systems

DNA Damage

AL human-hamster

hybrid cells

DNA base pair

deletions

- caffeine, purity

n.p., plus 
137

Cs

γ-radiation

caffeine:  1.5

mg/mL (7.7 mM)

137
Cs γ-radiation:

0.5-3.0 Gγ

Synergistic enhancement

of radiation-induced DNA

base pair deletions.

Caffeine added post-

irradiation; the

concentration of caffeine

used was sufficient to

reduce cell plating

efficiency to 20%.

McGuinness et al.

(1995)

Human myeloid

leukemia U937 cells

DNA single-strand

breaks (SSB)

- caffeine, purity

n.p., plus t-
butylhydro-

peroxide

caffeine:  10 mM

(1.9 mg/mL)

t-butylhydro-

peroxide:  200 M

Synergistic enhancement

in t-butylhydroperoxide-

induced DNA damage.

Caffeine was equally

potent in enhancing

DNA damage in both

oxygen-proficient and

oxygen-deficient cells.

Guidarelli et al.

(1997)

Human blood

lymphocytes

SCE - caffeine, purity

n.p., plus

adriamycin, and

chlorpromazine

, purities n.p.

caffeine:  120

g/mL (0.618 mM)

adriamycin:  15

ng/mL

chlorpromazine:  6

g/mL

Caffeine and

chlorpromazine

synergistically enhanced

SCE induction by

adriamycin.

Caffeine alone did not

induce SCE.

Lialiaris et al.

(1992)

Chromosomal Aberrations

Human peripheral Chromosomal - caffeine, purity caffeine:  2.5 mM Potentiation of the Caffeine was more active Pelliccia and
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Table 10.  Modulation of Genotoxicity (Continued)

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

blood lymphocytes aberrations at fragile

sites

n.p., plus 4’,6-

diamidino-2-

phenylindole

(DAPI)

(0.49 mg/mL)

DAPI:  50 g/mL

induction of fragile sites

by DAPI when added to the

same medium.

when administered in

complete medium.

Rocchi (1992)

Human peripheral

blood lymphocytes

Chromosomal

aberrations

- caffeine, purity

n.p., plus

mitoxantrone

(MXN)

caffeine:  1 mM

(0.2 mg/mL)

MXN:  12x10
-6

µg/mL

No potentiation of the

clastogenic effects of

MXN.

Caffeine was added with

MXN to cultures in 30-

min pulses.

das Gra as

Medeiros and

Takahashi (1994)

Human

lymphoblastoid cells

from ataxia

telangiectasia (AT)

patients

Chromosomal

aberrations

- caffeine, purity

n.p., plus 
137

Cs

γ-radiation

caffeine:  1 mM

(0.2 mg/mL)

137
Cs γ-radiation:

50 cGy

Potentiated the induction

of chromosomal breaks in

G2 arrested normal and AT

heterozygote cells but not

in AT homozygous cells.

Lack of response in

homozygote cells

suggests that caffeine is

acting as a cell cycle

checkpoint.

Bebb et al. (1998)

Human lymphocytes

from Nijmegen

breakage syndrome

(NBS) patient

Chromosomal

aberrations

- caffeine, purity

n.p., plus x-rays

caffeine:  5 mM (1

mg/mL)

x-rays:  40 rad/min

Enhanced clastogenicity

in mitogen-stimulated

lymphocytes from patients

with Nijmegen breakage

syndrome (NBS).

Caffeine was added 30

min after irradiation

during G2.

Pincheira et al.

(1998)

Lymphoblastoid cell

lines:  normal

individual (RM341);

AT individuals with

intermediate

radiosensitivity

(AT9RM, AT10RM,

AT11RM) and classical

radiosensitivity

(AT8RM)

Chromosomal

aberrations

- caffeine, purity

n.p., plus x-rays

caffeine:  5 mM (1

mg/mL)

x-rays:  30 and 45

cGy RM341,

AT9RM, AT10RM,

and AT11RM; 15

and 30 cGy for

AT8RM at a dose

rate of 70 cGy/min

3-Fold increase in

frequency of chromosomal

aberrations in RM341 and

AT11RM cells, 1.6- and

1.8-fold in AT9RM and

AT10RM cells,

respectively, and 1.3-fold

in AT8RM cells.

The damage produced in

irradiated cells was

similar to that caused by

inhibitors of DNA

polymerases and

ribonucleotide

reductase, indicating

that caffeine may inhibit

double strand breakage

repair.

Antoccia et al.

(1995)

Human

lymphoblastoid cell

lines:  RM341;  NBS

cells (1548); AT8RM

Chromosomal

aberrations

- caffeine, purity

n.p., plus x-rays

caffeine:  5 mM (1

mg/mL)

x-rays:  15 cGy for

1548 and 30 cGy

for RM341 at a

Enhanced radiation-

induced chromosomal

aberrations in G2 phase to

a lesser extent in NBS and

AT cells than RM341.

The results indicate an

altered DNA repair

pathway common to

both syndromes.

Antoccia et al.

(1997)
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Table 10.  Modulation of Genotoxicity (Continued)

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

dose rate of 70

cGy/min

Mouse zygotes Chromosomal

aberrations

- caffeine, purity

n.p., plus x-rays

caffeine:  1 and 2

mM (0.2 and 0.4

mg/mL)

x-rays:  0.4 and 0.6

Gy in S phase; 2

and 3 Gy in G2

phase

Enhancement of

aberrations greater when

irradiation in G2 than in S

phase.

Caffeine completely

cancelled G2 arrest.

Matsuda and

Tobari (1995)

Chinese hamster ovary

(CHO) cells

Chromosomal

aberrations

- caffeine, purity

n.p., plus

triphenyltin

caffeine:  0.09-

0.752 mg/mL (0.5-

3.87 mM)

triphenyltin:  3.8-

30 mg/mL

Dose-dependent

potentiation of triphenyl-

tin-induced aberrations.

Sasaki et al. (1994)

Micronuclei in vitro

CV-1 monkey kidney

cells

Micronuclei (MN) - caffeine, purity

n.p., plus

ciprofloxacin

or DP 124816-

2 (quinoline

anti-infective

drugs)

caffeine:  10, 25,

50 mM (1.9, 4.9,

9.7 mg/mL)

Significant decrease in

quinoline-induced MN in

binucleate cells.

Caffeine alone did not

induce MN; effects

proposed to be mediated

through interference

with topoisomerases.

Curry et al. (1992,

abstract)

human hepatoma (Hep-

G2) cells

MN - caffeine, purity

n.p., plus IQ

caffeine:  0.185,

0.55, 1.66, 5.0, 50,

500 g/mL (0.953,

2.8, 8.55, 26, 260,

2570 M)

IQ:  9 mM at    <   5

Significant decrease in IQ-

induced MN.

Moderate but significant

increase in MN by

caffeine alone at 500

g/mL. Caffeine reduced

MN induction by up to

75%.

Sanyal et al. (1997)
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Table 10.  Modulation of Genotoxicity (Continued)

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

g/mL for 4h; 120

g/mL at     >    5 g/mL

for 24 h

Mutations

Chinese hamster MTX-

resistant V79 male

lung fibroblast cells

Induction of SCE - caffeine, purity

n.p., plus

methotrexate

(MTX) and UV

light

caffeine:  1 mM

(0.2 mg/mL)

MTX:  200 nM

UV light:  4-20

J/m
2

Enhancement of SCE

induction rate of MTX-

resistant clones by UV

light.

Roy et al. (1993)

AL human-hamster

hybrid cells

Mutations at the S1

locus

- caffeine, purity

n.p., plus 
137

Cs

γ-radiation

caffeine:  1.5

mg/mL (7.7 mM)

137
Cs γ-radiation:

0.93 Gy/min

2-Fold increase in number

of S1
-
 mutants.  The

majority of the mutations

(73-85%) were large

deletions versus those

induced by 
137

Cs γ-

radiation alone (1/63 =

1.5%).

Caffeine altered both the

quantity and quality of

radiation-induced

mutations.

McGuinness et al.

(1995)

9.10.4  In Vivo Mammalian Systems

Male mice, Swiss

albino, 6-8 wk old

Chromosomal

aberrations in bone

marrow cells

- caffeine, purity

n.p., plus 
60

Co -

γ-radiation

acute:  5, 15 mg/kg

(0.03, 0.077

mmol/kg) i.p. 30

min before

irradiation (1.5

Gy)

Significant reduction. Farooqi and

Kesavan (1992)

chronic:  4.208, Significant reduction.
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Table 10.  Modulation of Genotoxicity (Continued)

Test System or
Species, Strain, Age

Biological
Endpoint

– S9 Chemical
Form, Purity

Dose Endpoint Response Comments Reference

0.772 mM (0.8172,

0.150 mg/mL) in

drinking water for

5 wk before

irradiation (1.5

Gy)

S. typhimurium strain

TA98r recovered from

liver of female mice

(BALB/c, 3-wk old)

his gene mutations - caffeine, >99%

pure, plus

MeIQx

caffeine:  ~28

mg/kg/d (~0.14

mmol/kg/d)

MeIQx:  1.5 mg/kg

bw

47% reduction in MeIQx-

induced mutations.

When added to hepatic

S9, caffeine directly

inhibited activation of

MeIQx to a mutagen by

almost 35%.

Alldrick et al.

(1995)

Ehrlich ascites tumor

cells in BALB/c mice

SCE - caffeine, purity

n.p., plus

chlorpromazine

or adriamycin

caffeine:  120

mg/kg bw (0.618

mmol/kg)

chlorpromazine:  5

g/g bw, i.p.

adriamycin:  22

ng/g bw, i.p.

Caffeine with

chlorpromazine resulted in

synergistic enhancement

of induction of SCE by

adriamycin.

Caffeine alone did not

induce SCE.

Lialiaris et al.

(1992)

Abbreviations:  n.p. = not provided; d = day(s); min = minute(s); bw = body weight; wk = week(s); DACA = N-[(2-dimethylamino)ethyl]acridine-4-carboxamide; IQ = 2-

amino-3-methylimidazo-[3,4-f]quinoline; MN = micronuclei; 4NQO = 4-nitroquinoline 1-oxide; AT = Ataxia telangiectasia; DAPI = 4’,6-diamidino-2-phenyl-indole; i.p.

= intraperitoneal injection; MNNG = N-methyl-N’-nitro-N-nitrosoguanidine; MXN = mitoxantrone; MTX = methotrexate; NBS = Nijmegen breakage syndrome; SCE =

sister chromatid exchange.
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9.8 Cytotoxicity of Caffeine

The cytotoxicity of caffeine, at high concentrations, in cultured mammalian cells is well

established (Kihlman, 1977; cited by Rowley, 1992). Studies have demonstrated the ability of

millimolar concentrations of caffeine to inhibit cell proliferation in mitogen-stimulated human

lymphocytes (Guglielmi et al., 1982; cited by IARC, 1991) and to delay the entry of HeLa S3

cells into S-phase (Saunders et al., 1997).

9.9 Modulation of Cytotoxicity

9.9.1 Studies Reviewed by D Ambrosio (1994):

The ability of caffeine to modulate the cytotoxicity of genotoxic agents and specifically,

antineoplastic agents, has been extensively evaluated.  D Ambrosio (1994) reviewed 39 caffeine

studies that utilized prokaryotic, lower eukaryotic, and mammalian in vitro and in vivo model

systems to investigate the modulation of cytotoxicity.  In a few studies, caffeine reduced the

cytotoxicity of DNA damaging agents; however, in most studies, caffeine potentiated genotoxin-

induced cell killing.  As examples of antagonism, in P388 mouse leukemia cells (Ganapathi et al.,

1986) and V79 cells (Iliakis and Lazar, 1987), caffeine at 2 mM (0.4 mg/mL) and 0.01-20 mM

(0.002-3.9 mg/mL) respectively, reversed the cytotoxicity of adriamycin.  At 10 mM (1.9

mg/mL), caffeine decreased the cytotoxicity of ethidium bromide in Chinese hamster ovary

(CHO) cells by interfering with its uptake into cells and inhibiting its binding to DNA (Kimura

and Aoyama, 1989).  As examples of potentiation, caffeine at 1 mM (0.2 mg/mL) increased the

cytotoxicity of thiotepa and nitrogen mustard (HN2) in the human T24 bladder tumor cell line

(Fingert et al., 1986).  Potentiation was reversed by treatment with cyclohexamide.  In another

study, caffeine at 3 mM (0.6 mg/mL), a nontoxic concentration, greatly potentiated the cell killing

effects of methotrexate in mouse L cells (Golos and Malec, 1989).  There were also studies in

which caffeine neither reduced nor potentiated chemical-induced cytotoxicity.

9.9.2 Review of Recent Literature

The details of these studies are presented in Table 11.
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In Vitro Mammalian Systems:  Caffeine (1-4 mM; 0.2-0.8 mg/mL) increased the

cytotoxicity of ultraviolet (UV) radiation in mouse hybrid cells (Zampetti-Bosseler et al., 1980).

The effect of caffeine on UV-induced cell death in p53-null (-/-) and wild-type (+/+) mouse

embryonic fibroblasts was investigated (DeFrank et al., 1996).  Wildtype and p53-null cells

showed equal sensitivity to UV light.  Caffeine (2 mM; 0.4 mg/mL) enhanced the sensitivity of

both wild-type and p53-null cells to UV light, with greater sensitivity occurring in p53-null cells.

The investigators speculated that the greater enhancement of sensitivity in p53 null cells by

caffeine may have been mediated by override of S-phase delay.

Hagan et al. (1997) examined the effect of caffeine on S-phase synchronized CHO cells in

which DNA damage had been induced by incorporating bromodeoxyuridine (BrdUrd) into

replicating DNA followed by exposure to UV-B light.  Cell survival was dramatically decreased

by post exposure to caffeine (1 or 2 mM; 0.2 or 0.4 mg/mL).  Caffeine was maximally effective

when it was present continuously for two successive mitotic cycles.  In BrdUrd+UVB treated

cells cultured in the presence of caffeine, there was a cessation of replicative synthesis after the

second mitosis and the caffeine-treated cells exhibited changes characteristic of apoptosis.

Caffeine (1 mM; 0.2 mg/mL) enhanced the cytotoxicity of x-rays in human ovarian

carcinoma B-1 cells (Wolloch et al., 1991), and at 2 mM (0.4 mg/mL) increased the

radiosensitivity of three tumor cell lines (Musk, 1991).  However, enhanced cell killing was not

associated with inhibition of damage-induced G2 block in 2 of 3 tumor cell lines investigated.

Caffeine (1 mM; 0.2 mg/mL) also potentiated the cytotoxicity of ionizing radiation in the

Thy1.2+ steroid-resistant murine T-lymphoma line EL-4 and CD20+ human B-lymphoma lines

(Raji, HDL, Jiyoye) (Macklis et al., 1994).

At 2 mM (0.4 mg/mL), caffeine significantly enhanced the cytotoxicity of the anti-tumor

drugs adriamycin, ellipticine, and actinomycin D in mouse leukemia L1210 cells (Ross et al.,

1979); at 1 or 2.5 mM (0.2 or 0.49 mg/mL), it enhanced cisplatin- and cisplatin plus 3-

aminobenzamide-induced cytotoxicity in human cervical and ovarian carcinoma cell lines (Boike

et al., 1990; Petru et al., 1990).  Caffeine (1 mM; 0.2 mg/mL) potentiated the cytotoxicity of

carboplatin in human leukemic cell lines (Efferth et al., 1995) and of cisplatin in human
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osteosarcoma Takase (OST) cells (Yasutake et al., 1995), and at 1.2 mM (0.23 mg/mL), the

cytotoxicity of cisplatin and L-threitol-1,4-bismethanesulfonate (DHB) in human and rat ovarian

tumor cell lines (Bernges and Zeller, 1996).  Caffeine (0.5 mM; 0.1 mg/mL) enhanced by 8- to 16-

fold the cytotoxic effects of adozelesin, a highly potent alkylating agent used for its broad-

spectrum antitumor activity and unique mechanism of action, in several CHO cell lines (Smith et

al., 1995).

Alaoui-Jamali et al. (1994) used caffeine (0.5 mM; 0.1 mg/mL) to increase the sensitivity

of cultured rat mammary carcinoma cells to L-phenylalanine mustard (L-PAM) and cis-

diamminedichloroplatinum (II) (CDDP).  Belizario et al. (1993) exposed mouse and human cells

to 0.1-100 ng/mL tumor necrosis factor-α (TNF) for 24 hours.  The rates of cell death increased

significantly when the cells were then exposed to 2.5-20 mM (0.49-3.9 mg/mL) caffeine.  The

cytotoxicity of methyl nitrosourea (MNU) to HeLa cells made resistant to MNU through

repeated exposures was increased by incubation with 0.75 mM (0.15 mg/mL) caffeine; however,

HeLa cells sensitive to MNU showed no increase in sensitivity in the presence of caffeine

(Roberts and Basham, 1990).

Caffeine potentiated the ability of paclitaxel to induce apoptosis in MCF-7 breast cancer

cells (Saunders et al., 1997).  Paclitaxel, at doses up to 20 ng/mL, induced a dose-dependent

increase in the frequency of apoptotic cells (up to 43% of cells).  The induction was enhanced up

to two-fold (to 88% of cells) by caffeine at concentrations up to 20 mM (3.9 mg/mL).  In a

similar manner, caffeine (1 mM; 0.2 mg/mL), when administered to Thy1.2
+
 steroid-resistant

murine T-lymphoma EL-4 cells and CD20
+
 human B-lymphoma cells (Raji, HDL, Jiyoye)

irradiated with low dose γ radiation, significantly enhanced cell killing associated with apoptosis

(Macklis et al., 1994).  In a related study using EL-4 cells, the addition of caffeine after 
137

Cs γ

irradiation more than doubled the proportion of cells in apoptosis and decreased the frequency of

cells in the G2/M block from 47.3% to 22% (Palayoor et al., 1995).  In contrast, caffeine (1-10

mM; 0.2-1.9 mg/mL) was unable to modulate the apoptosis-inducing activity (measured by DNA

fragmentation) of the topoisomerase inhibitors camptothecin (CPT) and teniposide (VM-26) in
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cultured human promyelocytic HL-60 cells (Bertrand et al., 1993).  Furthermore, when used at 1

mM (0.2 mg/mL), it attenuated the induction of apoptosis by daunorubicin in human leukemic

KG-1a cells (Efferth et al., 1995).

Caffeine (1 mM; 0.2 mg/mL) had no effect on cyclophosphamide (CP)-induced

cytotoxicity in either CP-resistant or non-resistant human melanoma cell lines (Boon and

Parsons, 1984).  In contrast to these potentiating effects, caffeine (450 µg/mL; 2.32 mM) reduced

the cytotoxicity of cytosine arabinoside, hydroxyurea, and colcemid in Syrian baby hamster

kidney (BHK) cells and in polyoma virus-transformed BHK cells, with greater reduction

occurring in BHK cells (Pardee and James, 1975).  The investigators hypothesized that caffeine

caused BHK cells in G1 to shift into G0, an effect similar to that caused by high cell density or

serum deprivation.  In contrast, in transformed cells, caffeine was largely ineffective in causing

this shift which allowed damaged cells to continue through the cell cycle and subsequently die.
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Table 11.  Modulation of Cytotoxicity

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form,
Purity

Dose Endpoint Response Comments Reference

In Vitro Mammalian Systems

Mouse hybrid cell

line (mouse

lymphoma

L5178YS x

mouse fibroblast

A9)

Plating

efficiency

caffeine,

purity n.p.,

plus UV

light

caffeine:  1-4

mM (0.2-0.8

mg/mL)

UV light:  11

ergs/mm
2
/sec

Caffeine enhanced the effect of UV damage

resulting in decreased plating efficiency.

Zampetti-

Bosseler et al.

(1980)

Mouse embryonic

fibroblasts:  p53

wildtype +/+ and

-/- deficient cells

Cell death caffeine,

purity n.p.,

plus UV

light

caffeine:  0.1-

5.0 mM

(0.02-0.97

mg/mL)

UV light:  10-

30 J/m
2

p53 (+/+) and p53 (-/-) cells show equal

sensitivity to UV light; however, addition of

caffeine enhanced sensitivity by 1.8 fold in

p53 (-/-) cells, but by 1.3-fold in p53 (+/+)

cells.  Caffeine had little effect on the cell

cycle distribution of p53 (+/+) cells, but a

greater ratio of p53 (-/-) cells were in S-phase

following caffeine treatment.

The greater sensitization

of p53 null cells to

caffeine compared to p53

wild-type cells may have

been mediated by

override of the S-phase

delay.

DeFrank et al.

(1996)

Chinese hamster

V79 cells

Cell survival caffeine,

purity n.p.,

plus

bromodeoxy

-uridine

(BrdUrd)

and UV-B

light.

caffeine:  2

mM (0.4

mg/mL)

BrdUrd:  1

mM

UV-B:  1

kJ/m2

Cell survival was dramatically decreased by

post exposure to caffeine.

Synchronized V79 cells

were pulse-labeled (30

min) with BrdUrd in

early or late S-phase,

then exposed to 1 kJ/m2

of UV-B light at various

times.  Caffeine was

administered post-

exposure.

Hagen et al.

(1997)

Human ovarian

carcinoma B-1 cell

line

Cell survival caffeine,

purity n.p.,

plus gamma

radiation

caffeine:  1

mM (0.2

mg/mL)

x-rays:  2-15

Gy

Caffeine enhanced radiation-induced

cytotoxicity resulting in reduced cell survival.

Wolloch et al.

(1991)
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Table 11.  Modulation of Cytotoxicity (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form, Purity

Dose Endpoint Response Comments Reference

RT112 bladder

carcinoma cells,

TE671 (a rhabdo-

myosarcoma), and

DAOY (a medullo-

blastoma)

S-phase and

G2-phase

block

caffeine,

purity n.p.,

plus 
60

Co γ
x-rays

caffeine:  2 mM

(0.4 mg/mL)

x-rays:  2-12 Gy

Caffeine partially reduced the S-phase and G2-phase

blocks in all cell lines, but potentiated cytotoxicity

in RT112 cells.

Musk (1991)

Thy 1.2+ steroid

resistant murine T-

lymphoma line EL-

4 and CD20+

human B-

lymphoma (Raji

cells)

Cell death caffeine,

purity n.p.;

plus 90γ  x-

rays

caffeine:  1 mM

(0.2 mg/mL)

90γ  radiation:

up to 1000cGγ

Caffeine significantly enhanced cell killing by

radiation in EL-4 cells, but caffeine alone had little

effect on cell killings.

Nontoxic doses of caffeine

were used.

Macklis et al.

(1994)

Mouse leukemia

L1210 cell line

Cell survival caffeine,

purity n.p.,

plus

adriamycin,

ellipticine,

and

actinomycin

D

caffeine:  2 mM

(0.4 mg/mL)

adriamycin:

0.2-1.4 µg/mL

ellipticine:  3-20

µM

actinomycin D:

0.2-0.75 µg/mL

Caffeine significantly enhanced the cytotoxicity of

adriamycin, ellipticine, and actinomycin D.

Ross et al.

(1979)

Human ovarian

(CAOV-3) and

cervical (Me-180)

Cell survival caffeine,

purity n.p.,

plus cisplatin

caffeine:  1 or

2.5 mM (0.2 or

0.49 mg/mL)

Caffeine enhanced the cytotoxicity of cisplatin by

2.5-2.9 times that of cisplatin alone in Me-180

cells, and 1.6-2.7 times that of cisplatin alone in

Boike et al.

(1990)
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Table 11.  Modulation of Cytotoxicity (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form, Purity

Dose Endpoint Response Comments Reference

cancer cell lines or 3-amino-

benzamide
cisplatin:  2.5

µg/mL

3-aminoben-

zamide:  5 mM

CAOV-3 cells.  The cytotoxicity of caffeine with

cisplatin and 3-aminobenzamide (an ADP ribosyl

transferase inhibitor) was enhanced 2.7 times that of

cisplatin alone versus 1.8-fold enhancement with 3-

aminobenzamide.

Human ovarian

(CAOV-3) and

cervical (Me-180)

cancer cell lines

Modulation

of cisplatin-

induced

cytotoxicity

caffeine,

purity n.p.

plus cisplatin

caffeine :  1 or

2.5 mM (0.2 or

0.49 mg/mL)

cisplatin:  2.5

µg/mL

Dose-related enhancement of cytotoxicity. At 2.5

mM, caffeine enhanced cisplatin sensitivity 2.9-fold

in CAOV-3 cells and 2.7-fold in Me-180 cells.

Caffeine alone was not

cytotoxic.

Petru et al.

(1990)

Human leukemic

KG-1a cells

Potentiation

of

cytotoxicity

caffeine,

purity n.p.

1 mM (0.2

mg/mL),

immediately

after drug

treatment

Caffeine potentiated the cytotoxicity of carboplatin

in human leukemic cell lines.

Efferth et al.

(1995)

Human

osteosarcoma

(OST) cells (Takase

strain)

Cell survival caffeine,

purity n.p.,

plus cisplatin

caffeine:  1 mM

(0.2 mg/mL)

cisplatin:  0.2,

1, 2, 5, and 10

µg/mL

Caffeine enhanced the cell killing by cisplatin but

did not affect cell plating efficiency.

Cells were treated for 1 h,

with cisplatin and then

incubated for 2 wk with or

without caffeine.  DNA

synthesis which was

inhibited by cisplatin

treatment was reversed by

caffeine.

Yasutake et

al. (1995)

4 human and rat

ovarian cancer cell

lines

Enhancement

of the cyto-

toxicity of

cisplatin,

carmustine,

MNNG, and

caffeine,

purity n.p.

unclear; in some

treatments, 1.2

mM (0.23

mg/mL) was

used

Small enhancement (< 2x) of MNNG, DHB, and

cisplatin was seen in some cell lines; the

cytotoxicity of carmustine was not enhanced by

caffeine in any of the cell lines.

Bernges and

Zeller (1996)
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Table 11.  Modulation of Cytotoxicity (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form, Purity

Dose Endpoint Response Comments Reference

DHB

Chinese hamster

ovary (CHO) cells,

B-16 cells

Cell survival caffeine,

purity n.p.,

plus

adozelesin

caffeine:  0.5

mM (0.1

mg/mL)

adozelesin:  0.1-

0.4 ng/mL

Caffeine increased the cytotoxicity of adozelesin

between 8 and 16-fold for the 2 highest

concentrations.

Smith et al.

(1995)

Rat mammary

carcinoma cell

lines, wild type

and chemical

resistant

Potentiation

of L-PAM

and CDDP

cytotoxicity

caffeine,

purity n.p.

0.5 mM (0.1

mg/mL); 18 h

pretreatment

20% increase in cytotoxicity in wild-type cells

treated with CDDP and resistant cells treated with

L-PAM; GSH depletion further enhanced the effect.

No effect of caffeine in wild-

type cells treated with L-

PAM or resistant cells

treated with CDDP.

Alaoui-Jamali

et al. (1994)

L929 and WEHI-

164 (mouse fibro-

sarcomas), A-375

(human malignant

melanoma), MCF-

7 (human breast

cancer cells), and

HeLa (human

cervix carcinoma)

Enhancement

of tumor

necrosis

factor (TNF)-

induced

cytotoxicity

caffeine,

purity n.p.

2.5-20 mM

(0.49-3.9

mg/mL) for 24 h

after 24 h

treatment with

TNF

Positive for enhanced cytotoxicity. Caffeine alone induced dose-

related increases in

cytotoxicity at 5-20 mM.

Belizario et

al. (1993)

HeLa cells and

MNU-resistant

HeLa cells

Enhancement

of methyl

nitrosourea

(MNU)-

induced

cytotoxicity

caffeine,

purity n.p.

0.75 mM (0.15

mg/mL)

administered

after MNU

exposure

Positive in resistant cells; negative in sensitive

HeLa cells.

Caffeine alone was not

cytotoxic at this dose.

Roberts and

Basham

(1990)

MCF-7 human Apoptosis caffeine, caffeine (0-20 Caffeine enhanced by 2-fold the induction Caffeine added post- Saunders et
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Table 11.  Modulation of Cytotoxicity (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form, Purity

Dose Endpoint Response Comments Reference

breast cancer cells and DNA

fragmenta-

tion

(indicative of

apoptosis)

purity n.p.,

plus

Paclitaxel

mM; 0-3.9

mg/mL);

paclitaxel (0-20

ng/mL)

paclitaxel-induced apoptotic cells.  Also, enhanced

the induction of cells with DNA fragmentation.

exposure enhanced the

maximal induction of

apoptotic cells from 43% to

88%.

al. (1997)

Thy1.2
+
 steroid-

resistant murine

T-lymphoma line

EL-4 and CD20
+

human B-

lymphoma lines

(Raji, DHL,

Jiyoye)

DNA damage

(indicative of

apoptosis)

and

cytotoxicity

caffeine,

purity n.p.,

plus 
90ϒ beta

radiation

caffeine:  1 mM

(0.2 mg/mL);

radiation:  up to

1000 cGy

Caffeine significantly enhanced gamma radiation-

induced cell killing and DNA fragmentation.

Caffeine was added post-

irradiation.

Macklis et al.

(1994)

Murine T-

lymphoma line

EL-4

DNA damage

(indicative of

apoptosis)

caffeine,

purity n.p.,
137

Cs γ
radiation

caffeine:  1 mM

(0.2 mg/mL);
137

Cs γ
radiation:  0.5-

16 Gy

Caffeine more than doubled the frequency of

apoptotic cells and decreased the G2/M block from

47.3% to 22%.

Caffeine was added post-

irradiation.

Palayoor et

al. (1995)

Human

promyelocytic  HL-

60 cells

DNA

fragmenta-

tion

caffeine,

reagent grade;

plus CPT or

VM-26

caffeine:  1-10

mM (0.2-1.9

mg/mL);

CPT:  .1-10

µM; VM-26:

.1-10 µM

No enhancement or reduction in CPT or VM-26

induced DNA fragmentation.

Bertrand et al.

(1993)

Human leukemic

cell lines:  KG-1a,

K562, and HL-60;

lymphocytes from

18 leukemia

patients

Cytotoxicity

and apoptosis

caffeine,

purity n.p.;

plus ionizing

radiation,

carboplatin,

or

daunorubicin

caffeine:  1 mM

(0.2 mg/mL);

ionizing

radiation:  1-30

Gγ;

carboplatin:  1-

20 µg/mL;

daunorubicin:

0.005-0.5

µg/mL

Positive for enhancement of radiation- and

carboplatin-induced cytotoxicity and apoptosis;

negative for potentiation of effects of daunorubicin.

Caffeine provided

immediately after drug or

radiation treatment. Caffeine

alone did not induce

apoptosis; GSH depletion

was also enhanced by

caffeine after carboplatin or

irradiation treatment.

Efferth et al.

(1995)
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Table 11.  Modulation of Cytotoxicity (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form, Purity

Dose Endpoint Response Comments Reference

Human melanoma

MM253c1-4CG

(subline) and

MM253c1 (parent)

cell lines

Cell survival caffeine,

purity n.p.,

plus

cyclophos-

phamide (CP)

caffeine:  1 mM

(0.2 mg/mL)

CP:  up to 60

µM

Caffeine had no effect on CP-induced cytotoxicity

in either cell line.

Boon and

Parsons

(1984)

Baby Syrian

hamster kidney

(BHK) and

polyoma virus-

transformed BHK

cells

Cell death caffeine,

purity n.p.,

plus cytosine

arabinoside,

hydroxyurea,

and colcemid

caffeine:  450

and 600 µg/mL

(2.32 and 3.09

mM)

cytosine

arabinoside:  10

µg/mL

hydroxyurea:  1

mM

colcemid:  n.p.

Caffeine inhibited cytosine arabinoside,

hydroxyurea, and colcemid-induced cell death in

BHK cells and polyoma virus.  Inhibition of

cytotoxicity was greater in normal BHK cells versus

virus-transformed BHK cells.

The authors hypothesized

that caffeine caused BHK

cells in G1 to shift into G0 at

the cell cycle check point, an

effect similar to that caused

by high cell density or

serum deprivation.  In

contrast, in transformed

cells, caffeine was largely

ineffective in causing this

shift allowing damaged cells

to continue through the cell

cycle and subsequently die.

Pardee and

James (1975)

Abbreviations:  CDDP = cis-diamminedichloroplatinum(II); DHB = L-threitol-1,4-bismethanesulfonate; GSH = glutathione; h = hour(s); i.p. = intraperitoneally; L-

PAM = L-phenylalanine mustard; MNNG = 1-methyl-3-nitro-1-nitrosoguanidine; MNU = methyl nitrosourea; n.p. = not provided; TNF = tumor necrosis factor;

CPT = camptothecin; VM-26 = teniposide; wk = week(s).
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9.10 Modulation of Cell Cycle Arrest Induced by Genotoxic Agents

The details of studies discussed in this section are presented in Table 12.

A number of investigations have demonstrated the ability of caffeine to alter cell cycle

arrest in eukaryote cells induced by genotoxic agents, and it is this mechanism that has been

invoked most frequently as the means by which caffeine enhances clastogen-induced

chromosomal damage and cytotoxicity.  The modulation of cell cycle arrest by caffeine is cell-

type and stage specific.  For example, caffeine-induced release of the G2 block and progression to

mitosis of hamster cells damaged by clastogens results in premature chromosome condensation

(PCC) (Schlegel and Pardee, 1986; Steinmann et al., 1991; both cited by Tam et al., 1995),

chromosome shattering, or nuclear fragmentation (Demarcq et al., 1994).  Human cells, in

comparison, show a much reduced level of response (Tam et al., 1995).  Using cell hybrids

created by fusing hamster CHEF18 and human HT1080 cells, it was found that the level of cyclin

B (synthesized in hamster, but not human cells) in S-phase arrested hybrids was directly related

to their responsiveness to caffeine-induced PCC and thus to kinase activity.

In CHO/UV41 cells damaged with cisplatin at S phase, treatment with caffeine (2 and 5

mM; 0.4 and 1 mg/mL) overcame G2 arrest (Demarcq et al., 1994).  Human MCF-1 breast cancer

cells were released from paclitaxel-induced G2 block in a dose-dependent fashion by high

concentrations of caffeine (5-20 mM; 1-3.9 mg/mL) (Saunders et al., 1997).  Cells progressed

through mitotic division, resulting in enhanced damage.  Caffeine also decreased the ability of γ-

irradiation to inhibit cell progression in irradiated HeLa S3 or human myeloblastic leukemia ML-1

cells into S-phase.

In human bladder carcinoma (RT112) cells, caffeine (0.5-10 mM; 0.1-1.9 mg/mL)

enhanced cytotoxicity of methylxanthine derivatives in a dose-dependent manner (Musk and

Steel, 1990).  At a concentration of 1 mM (0.2 mg/mL) or greater, it inhibited G2 block.  Exposure

of ML-1 cells to caffeine (4 mM; 0.8 mg/mL) inhibited the decrease in DNA synthesis in X-ray

treated cells (Kastan et al., 1991).  Caffeine inhibited the decrease in DNA synthesis after DNA

damage and blocked the increase in p53 protein levels.  This finding suggests that the effects of

caffeine on cells after DNA damage may be due to a block of p53 protein induction and
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subsequent alteration in cyclic nucleotide levels.  Caffeine (1 mM; 0.2 mg/mL) prevented the G2

cell cycle arrest in human ovarian carcinoma B-1 cells exposed to X-rays (Wolloch et al., 1991).

In contrast to these effects, Downes et al. (1992) reported that caffeine (2 mM; 0.4

mg/mL) prolonged 12-O-tetranodecanoyl-phorbol-13-acetate (TPA)-induced G2 phase delay in

HeLa cells.

Caffeine (1.5 mM; 0.29 mg/mL) applied for 72 hours inhibited the G2 phase arrest of

Fanconi Anemia (FA) lymphocytes (Hoehn et al., 1992).  However, cells treated with caffeine

were blocked in the subsequent G1 phase following treatment, indicating that the DNA repair

was transient and that caffeine appears to temporarily override the signal that blocks damaged

nuclei in the G2 phase.  In a separate study, Seyschab et al. (1994) found that caffeine (0.5-1.5

mM; 0.1-0.29 mg/mL) completely resolved G2 phase delay in X-irradiated FA mononuclear

peripheral lymphocytes versus only partial resolution in similarly irradiated mononuclear

peripheral lymphocytes from normal individuals.  Caffeine (1.25-10 mM; 0.243-1.9 mg/mL) had

similar dose-dependent effects in reducing the length of G2 phase in human lymphocytes from

three separate donors (I=1-5 y.o., II=30-40 y.o., and III=60-70 y.o.); the delay was most

pronounced in Group III (Pincheira et al., 1993).

Caffeine (1 mM; 0.2 mg/mL) prevented the accumulation of cells in G2 in γ-irradiated

human epidermal keratinocytes (Weller et al., 1996).  At the same dose, it slightly reduced the

accumulation of UV-B irradiated cells in G2.

.
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Table 12.  Modulation of Cell Cycle Arrest Induced by Genotoxic Agents

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form,
Purity

Dose Endpoint Response Comments Reference

Chinese hamster

ovary (CHO)

UV41 cells

Generation of

G1 daughter

cells

caffeine,

purity n.p.

plus

cisplatin

2 and 5 mM

(0.4 and 1

mg/mL)

Caffeine, after 3 h, overcame G2

arrest.  After 4 h almost all cells were

in G1.

2 mM caffeine also

overcame G2 arrest but took

twice as long.

Demarcq et al.

(1994)

DNA

digestion

induced by

cisplatin

5 mM (1

mg/mL) added

at 10 h

At 16 h following release with

caffeine added at 10 h, DNA breaks

were present in 1% of attached cells

and 35% of detached cells.

By 20 h, DNA breaks were present in

<7% of attached cells and 90% of

detached cells.

Results show that a

temporary relationship

exists between cell

detachment and DNA

fragmentation.

Human

fibrosarcoma

cells (HT1080),

Chinese hamster

embryo

fibroblasts

(CHEP18), and

whole cell

hybrids

Premature

chromosome

condensation

(PCC)

caffeine,

purity n.p.

5 mM (1

mg/mL)

After caffeine treatment, PCC were as

follows:  HT1080 (<1%), CHEP18

(55%), and hybrids (2-45%).  The

level of cyclin B in S-phase arrested

hybrids was directly related to the

PCC, which is related to kinase

activity.

The expression of cyclin B

alone sensitizes human cells

to caffeine-induced

premature mitosis.

Tam et al. (1995)

MCF-7 human

breast cancer cells

G2 arrest caffeine,

purity n.p.,

plus

paclitaxel

5-20 mM (1-

3.9 mg/mL)

Cells were released from paclitaxel-

induced G2 block during S-phase in a

dose-related fashion.

Saunders et al.

(1997)
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Table 12.  Modulation of Cell Cycle Arrest Induced by Genotoxic Agents (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form,
Purity

Dose Endpoint Response Comments Reference

Human bladder

carcinoma cell line

RT 112

Effect on

radiation-

induced G2

phase delay

caffeine,

purity n.p.

0.5-10 mM

(0.1-1.9

mg/mL)

Caffeine enhanced cytotoxicity in a

dose-dependent manner.  Caffeine

inhibited G2 block at 1 mM only and

had no further effect at higher

concentrations.

The results indicate that override

of G2 block alone is insufficient

to cause the dose-dependent

cytotoxicity and that DNA repair

must play a role in the

mechanism of cytotoxicity.

Musk and Steel

(1990)

ML-1

myeloblastic

leukemia cells

Effect on cell

cycle changes

caffeine,

purity n.p.,

plus

gamma

radiation

4 mM (0.8

mg/mL)

x-rays:  52,

104, or 416

rad

Caffeine caused an increase in the

percentage of undamaged cells in G1;

caffeine treatment inhibited the usual

decrease in DNA syntheses in X-ray

treated cells.  Caffeine inhibited the

decrease in DNA synthesis after DNA

damage and blocked the increase in

p53 protein levels.

Kastan et al.

(1991)

Human ovarian

carcinoma B-1 cell

line

Effect on

radiation-

induced G2

arrest

caffeine,

purity n.p.,

plus

gamma

radiation

1 mM (0.2

mg/mL)

x-rays:  2-15

Gy

Caffeine prevented radiation-induced

G2 arrest, increasing cytotoxicity.

Wolloch et al.

(1991)

HeLa cells Effect on

TPA-induced

G2 phase delay

caffeine,

purity n.p.,

plus TPA

2 mM, 100

M, and 500

M (0.4,

0.0194,

0.0971

mg/mL)

Caffeine at 2 mM prolonged TPA-

induced G2 phase delay in HeLa cells.

Response was found to be dose-

dependent, solutions of 100 and

500 M having no effect on the

TPA-treated cells.

Downes et al.

(1992)

Fanconi anemia Effect on

spontaneous

caffeine, 1.5 mM (0.29

mg/mL) for 72

Caffeine inhibited the spontaneous G2 Cells treated with caffeine were

blocked in the subsequent G1

Hoehn et al.
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Table 12.  Modulation of Cell Cycle Arrest Induced by Genotoxic Agents (Continued)

Test System or
Species, Strain,

and Age

Biological
Endpoint

Chemical
Form,
Purity

Dose Endpoint Response Comments Reference

(FA) lymphocytes G2 phase delay purity n.p. h phase arrest. phase following treatment,

indicating that the DNA repair

was transient and that caffeine

temporarily overrides the signal

that blocks damaged nuclei in

the G2 phase.

(1992)

Normal and FA

mononuclear

peripheral

lymphocytes

Effect on G2

phase delay

caffeine,

purity n.p.

0.5-1.5 mM

(0.1-0.29

mg/mL)

The G2 phase delay in FA cells was

completely resolved by 1.5 mM

caffeine versus only partial resolution

in x-irradiated normal cells.

The results indicate separate

repair mechanisms for G2 phase

lesions in x-irradiated cells

versus FA cells.

Seyschab et al.

(1994)

Human

lymphocytes from

three donors:  I=1-

5 y.o.; II=30-40

y.o.; III=60-70

y.o.

Effect on G2

phase delay

and

chromosomal

aberrations

caffeine,

purity n.p.

1.25-10 mM

(0.243-1.9

mg/mL)

Caffeine had similar dose-dependent

effects in reducing the length of G2

phase in human lymphocytes from all

three donors; the delay was most

pronounced in Group III.

Pincheira et al.

(1993)

Human epidermal

keratinocytes

Effect on 
137

Cs

γ-radiation-

and UV-B-

induced cell

cycle

perturbations

caffeine,

purity n.p.

1 mM (0.2

mg/mL)

Caffeine prevented accumulation of

cells in G2 in γ-irradiated cells but

did not influence the frequency of

micronuclei.  Caffeine slightly

reduced accumulation of cells in G2 in

UV-B-irradiated cells and moderately

induced the frequency of micronuclei.

The results indicate that the

different types of DNA damage

produced by γ and UV-B

irradiation may be repaired via

separate pathways.

Weller et al.

(1996)

Abbreviations:  CHM = cycloheximide; CHO = Chinese hamster ovary; FA = Fanconi Anemia; n.p. = not provided; PCC = premature chromosome

condensation; TPA = 12-O-tetranodecanoylphorbol-13-acetate; y.o. = years old; UV = ultraviolet; h = hour(s).
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9.11 Modulation of Immunotoxicity

No data were located.

9.12 Other Data

Antioxidant Properties

The antioxidant behavior of caffeine was investigated using electron spin resonance (ESR)

trapping (Shi et al., 1991).  Both the Fenton reaction (Fe
2+

 plus peroxide) and the reaction of

chromium with peroxide were used to generated free radicals which were then effectively

scavenged by caffeine, as detected by ESR.  The results suggested to the investigators a possible

mechanism for the reported anticarcinogenic effects of caffeine.

10.0   STRUCTURE-ACTIVITY RELATIONSHIPS

Two groups of compounds, 2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines and

2,4-dioxo-1,2,3,4,5,6-hexahydropyrrolo[2,3-d]pyrimidines, showed caffeine-like activities when

investigated by Senda and Hirota (1974).  These compounds, 7-deazaxanthine derivatives,

showed the same or more diuretic activity than that of caffeine and more cardiac activity than

caffeine.  Results of the investigation of structure-activity relationships indicated that the

nitrogen atom at the 7-position of the 7-deazaxanthine derivatives plays an important role in

showing caffeine-like pharmacological activities.
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11.0 ONLINE DATABASES AND SECONDARY REFERENCES

11.1 Online Databases

Chemical Information System Files

SANSS (Structure and Nomenclature Search System)

TSCATS (Toxic Substances Control Act Test Submissions)

DIALOG Files

Kirk-Othmer Encyclopedia of Chemical Technology

National Library of Medicine Databases

EMIC and EMICBACK (Environmental Mutagen Information Center)

STN International Files

BIOSIS

CANCERLIT

CAPLUS

CHEMLIST

EMBASE

HSDB

MEDLINE

Registry

RTECS

TOXLINE

TOXLINE includes the following subfiles:

Toxicity Bibliography TOXBIB

International Labor Office CIS

Hazardous Materials Technical Center HMTC

Environmental Mutagen Information Center File EMIC

Environmental Teratology Information Center File (continued after 1989

by DART)

ETIC

Toxicology Document and Data Depository NTIS

Toxicological Research Projects CRISP

NIOSHTIC
 NIOSH

Pesticides Abstracts PESTAB

Poisonous Plants Bibliography PPBIB

Aneuploidy ANEUPL

Epidemiology Information System EPIDEM

Toxic Substances Control Act Test Submissions TSCATS

Toxicological Aspects of Environmental Health BIOSIS

International Pharmaceutical Abstracts IPA



DRAFT TOXICOLOGICAL SUMMARY FOR CAFFEINE 1/99

IIIILLLLSSSS   Integrated Laboratory Systems 97

Federal Research in Progress FEDRIP

Developmental and Reproductive Toxicology DART

Databases Available on the Internet

Phytochemeco Database (Agricultural Research Service)

In-House Databases

CPI Electronic Publishing Federal Databases on CD, 1998

Current Contents on Diskette 


The Merck Index, 1996, on CD-ROM

11.2 Secondary References

Budavari, S. (ed.).  1996.  The Merck Index.  12
th

 edition.  Whitehall, NJ:  Merck & Co., Inc.

HSDB (Hazardous Substances Data Bank).  1997.  Caffeine.  HSDB Number 36.  Bethesda, MD:

National Library of Medicine (NLM).

RTECS (Registry of Toxic Effects of Chemical Substances).  1997.  Caffeine.  RTECS Number

EV6475000.  Cincinnati, OH:  National Institute for Occupational Safety and Health (NIOSH).

SRI (Stanford Research Institute).  1997.  Directory of Chemical Producers-United States of

America.  Menlo Park, CA:  SRI International, p. 716.
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APPENDIX A UNITS AND ABBREVIATIONS

°C = degrees Celsius

µg/L = micrograms per liter

µg/m
3
 = micrograms per cubic meter

µg/mL = micrograms per milliliter

µM = micromolar

+ = or more

4NQO = 4-nitroquinoline-1-oxide

5FURA = 5-fluorouracil
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ara-C = arabinofurosylcytosine

AT = Ataxia telangiectasia

BP = benzo[a]pyrene

CA = chromosome aberrations

CDDP = cis-diamminedichloroplatinum(II)

CHD = coronary heart disease

CHM = cyclohexamide

CHO = Chinese hamster ovary

CI = confidence interval

d = day(s)

DACA = N-[(2-dimethylamino)ethyl]acridine-4-carboxamide

DAPI = 4’,6-diamidino-2-phenyl-indole

DHB = L-threitol-1,4-bismethanesulfonate

DMBA = 7,12-dimethylbenz(a)anthracene

DMH = 1,2-dimethylhydrazine

DMSO = dimethyl sulfoxide

EPA = U.S. Environmental Protection Agency

F = female

FA = Fanconi anemia

FDA = Food and Drug Administration

FISH = fluorescence in situ hybridization

FLV = Friend leukemia virus

g = grams

g/mL = grams per milliliter

GC/MS = gas chromatography/mass spectrometry

GRAS = generally recognized as safe

GSH = glutathione

h = hour(s)
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Hg = mercury

i.p. = intraperitoneal injection

i.v. = intravenous injection

IQ = 2-amino-3-methylimidazo-[3,4-f]quinoline

kg = kilograms

lb = pounds

LC50 = lethal concentration for 50% of test animals

LD50 = lethal dose for 50% of test animals

L-PAM = L-phenylalanine mustard

M = male

mg/kg = milligrams per kilogram

mg/m
3
 = milligrams per cubic meter

mg/mL = milligrams per milliliter

min = minutes

mL/kg = milliliters per kilogram

mm = millimeters

mM = millimolar

mmol = millimoles

mmol/kg = millimoles per kilogram

MN = micronuclei

MNBN = micronucleated binucleated

MNNG = 1-methyl-3-nitro-1-nitrosoguanidine

MNU = methyl nitrosourea

mo = month(s)

MTX = methotrexate

MXN = mitoxantrone

n.p. = not provided

NA = not applicable
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NBS = Nijmegen breakage syndrome

ng/g = nanograms/gram

OR = odds ratio

OTC = over-the-counter

PCC = premature chromosome condensation

ppb = parts per billion

ppm = parts per million

RR = relative risk

s.c. = subcutaneous

SCE = sister chromatid exchange

SMART = somatic mutation and recombination test

TNF = tumor necrosis factor

TPA = 12-O-tetranodecanoylphorbol-13-acetate

TSCA = Toxic Substances Control Act

UVB = ultraviolet-B

VCL = curvilinear velocity

VL = linear velocity

wk = week(s)

yr = year(s)


